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Introduction 

Mcthnd 1668 was developed by the U.S F.nvironmentall'rotect1on Agency's (EPA's) Oftice of Science 111\d 
Technology for oongener-spec1fic detenninatinn of the polychlonnilled biph~'llyl (T'CB) congeners 
designated as tOXIC by the Wt>rld Health Orgaruznt10il. Revision A of Method 1668 hHs been expanded to 
include congener-specific determinat ion of more than !50 chlorinated biphenyl (Cll) congcn~•·• The toxic 
PCBs HOd the beginning and endutg level-of-chlorination CIJs nre determined by isotope dilution high 
resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS). The remaining CBs 
•re determined by mternal sL111ldHrd HRGCJl!R..'viS. Method 1668A is applicable to aqucow., solid, tissue, 
and multi•phase matrices. 

Method 166HA IS based on vsl1dation in a single laboratory. Titc ~»!sic revision of .Method 1668 was 
validated in two laboratones. 

Quesuons coooernms this melhod or its apphca11on should be addressed to; 

W11liam A. Telliard 
Analyttcal Mctltods Sll<ff ( 430l) 
Office of Science and Technology 
U S F..nviT(}Omental Protection Agency 
401 M Street, SW 
Washington, DC 20460 
Phone· 2021260-7134 
Fax 20'21260-71 RS 

v 



Method /668 Revi.tion A 

vi 

Note. TI1is rncll•ud is p<.Tformance based. Tho laboratory is pernutted to omit any step ur modify any 
procedure provided tlmt all performance r~'{tuircmcnts in this method ar& met. The laboratory may 
not omit any quality control analyses. The terms "shall," "must," and "may not" define procedures 
rC<tuirod fc~r producing reliable results. The terms "should" and "may" indicale optional steps that 
mey be modlf'ied or omitted if the l!lbonttury can demonstrate that the moditled method produce.< 
results equivalent or superior to results produced by th1s method. 



Method 1668, Revision A 

Chlorinated biphenyl congeners in water, soil, sediment, 
biosol ids and tissue by HRGC/HRMS 

1.0 Scope and application 

1.1 Method 1668, Revtsion A (Medlod 1668A. the Method) is for detennulatiun of chlorinated 
biphenyl congeners (CBs) in "'"ter, soil, sedtmeoll, biosolids, tissue. and other sample 
matrices by high resolution ga.• chromatography/high resolutton miiSS spectrometry 
(HRGC/1-TRMS) 

1.1 .1 '!be CBs that can be determined by this Method arc the 12 polychlorinated 
biphenyls (PCils) destgnalcd.., toxic by the World Health Org~~nization (WHO) 
plus the remaining 197 CBs, approximately 125 of whtch are resolved tdaltaalely 
on on SPB-octyl gas chromatographic colwnn to be determined as indrvtdunl 
congeners. 'l11e remaining Hpproximately 70 congeuefS arc determined as mixtures 
of isomers (co-elutions). 

1.1 .2 The 12 PCBs designated as toxic by WHO (Toxics; also known as dioxm·hkc 
PCBs; ULPCBs) and the CHrliest and latest eluted congener lit each level of 
chlurinlllion (LOC CBs) are detemllned by the isotope dilution quanUtollon 
techmquc, the nemaining congeners are determined by the internal standard 
quantitatton technique. 

1.1 .3 This Method allows determmation or the l'CR toxicity equivalent (TEQJ'Col for the 
ToXJcs tn a sample using toxicity equtvalency factors (TF.Fs; Reference 1) and 
allows uruque dctcrrnirudion of I Cl of21 CBs of Ulteresttn the National Oceantc 
HOd Atmospheric AdmirustnWon (NOAA; Refereoce 2). A second-<Xllwnn up~ ion 
is provtded for resolution of the two tOXIC PCB con!!cners (with lliP AC numbers 
156 and I S7) tlllll arc nul re•olved on the SI'B-octyl column and for resolution of 
other CR congeners. 

1.1.4 This Method also allows estimation of homolog tol81• hy level of chlorinatton 
(LOC) and estimation oftol81 CRs in a sample by summnllon of the 
conc..'lltn•tions of the CB congeners and congener !!"O<Jps. 

1.1.5 The hst of 209 CBs is f9ven in Table I with the ToXJCS, the CBs of interest to 
NOAA. ~tnd the LOC Clls •denttlicd. 

1.2 TI1is Method is for use in data gathering and monitoring associated wttl\ the Clean Water 
Act, the Resowcc Con'Crvation and Recovery Act, the Comprehensive J.::nvtrorunental 
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Response, Compensation aud Liability Act, and the Sale Dlinking Water Act. It 1S b11.•ctl 
on a compilwiun of methods from the tcdmical literature (Kelercnccs 3-5) and on l:!PA 
Method 1613. 

1 .3 The detection hmits and quanlltahon levels in this Method nrc u.<wtlly depeodent on the 
level of mtcrfcn:noes and laboratory backg10und levels rather than utstruml.'ntallimita
tions. The estunntcd minimum levels of quontllation (F.Ml .s) in Table 2 nrc the levels at 
which the CDs oan be determined with laboratory contanun81ion present. The estimated 
method dL-tecfion limit (EMDL) lbr CB I 26 in water is 5 pgiL (p1cograms-per-liter; pan.s
per-quadnlhon) with no interferences presenL 

1.4 The GCIMS portions of tlus Method are for use only by analyst~ experienced with HRUC/ 
HRMS or under the close supervision of such qualified persons. l:!ach laboratory that uses 
this Method must demonstndc the ability to generate acccputhle results usang the 
procedure in Section 9.2. 

1.5 "11l1S Metl10d is "performance-based." The labomtury is permitted to mod1fy the Method to 
overcome interterenccs m lower the cost of meosuremcnL'<. provided that all performance 
criteria are met. The reqwremcnts fur establishing Method eqUivalcnL-y are given in 
Seeuou 9.1.2 

1.6 Any modification of this Mctllnd, neyond those expressly pcnnittod, shall be considered a 
major modification subject to application und approval of alternate test pl"<K."<-'dnres under 
40 CFR 136.4 ond 136 5 

2.0 Summary of Method 

2 

Flow charts that summatiLC procedures for sample preparatio.l, I!Xtraction. and analys1s ore given 
in Figure I for aqueous Olld solid sarnples, Figure 2 for muln-phasc samples, and Figure 3 for 
ttssue samples. 

2 .1 13xtraction 

2.1 .1 Aqueous samples (samples containing less than one percent sohd>)-St:able 
isotup•cally labeled analogs of the Tox1cs lind labeled LOC CHs are sp1ked into • 
1-L sample. The sumple is extracted using solid-pha.•c extraction (Sl't.::), 
separatory funnel extraction (SFF.), or continuous hqu1dlliquid extraction (CLLI.!). 

2.1 .2 Solid, semi-solid, and multi-phase samples (""eluding tissue)--The labeled 
compounds are spiked intn a sample containing I 0 g (dl)l weight) of solids. 
s.snplc.< containing nlultiple phases urc pressure filtered and any aqueous liquid is 
discarded. Coarse wlids are ground or homogenized Any non-aqueous hqwd 
from multi-phase samples is combined with the sohds and extracted in a 
Soxhlc:t/Dcsn-Starlc (SOS) extr3Cior. The extntct is concentrated for cleanup. 
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2.1.3 Fish and other tissue-A 20-g al1quot of sample is homogenized, and a 10-g 
aliquot is spiked with the labeled compoWlds. The sample is mixed with 
anhydrous sodJum sulfruc, alluwed to dry for 12 - 24 hours, and exlrllCied fi>r 18-
24 hours using methylene chloridc.hcxHile (1·1) in a Soxhle1 extrnctor. ·nte 
cx1n11:.1 is evaporated to dryness, and lhe lip1d content is dcl<:rmined 

2.2 After extraction, a labeled clcw1up standnrd is spiked into lhe extract which is then clc.:ancd 
up using back-ex1raction with sulfuric ac1d and/or base, and gel permeation, silica gel, or 
Florisil chromatography. ActivHicd carbon and high-performance l1qu1d ch1omatngncphy 
(I IPLC) can be used for funhcr ISOlation nf specific congener groups. Prior to the cleanup 
prncedures cited above, tissue extracts are cleaned up using an w11hrnposcnic isolation 
column. 

2.3 After cleanup, the extract IS concentnllcd to 20 pL. Immediately prior to lnJectlon, labeled 
injection internal standards are added to each extract and an aliquot of the cXITliCI is 
InJected mto the gas ehromatiJ!Vllph (GC). The analytes are separn~ed by the GC and 
de1ected by a high-resolutJon (• I 0,000) mass spectrometer Two exact mlts are 
monitored at each level of ehlorinat1on (LOC) throughout a p1c-dc1(.-rmined retention time 
wmdow. 

2.4 An indi,~dual CD congener is 1denutied by comparing the GC retention time and ion
abundance rat in uf two exa~1 m/is with the correspondmg retention time uf an authentic 
standard and Ute l.heorcl.ical nr !lcquircd ion-abundance ratio of the two exact mh'•. 
Isomer specificity for ceTUIIn of the CB congeners is achieved using GC colurrms lhat 
resolve these cc.mgeners 

2.5 Quantitative analys1s IS per1ormcd 1n one uftwn ways using selected ion current profile 
(SICP) areas· 

2.5.1 For the ToJUcs w1d the LOC C:Bs, the GCIMS is multi-poim cal1brated and the 
concentration is determoned usong the isotope dilution technique. 

2 .5 .2 For all cunscn.,-s olher than the Toxics and UX: CBs, tlte GCIMS is CHiibrdted at 
a single concenllallon and tl1c cunccntrations are determined using the 1nternol 
standard technique. 

2.5.3 for the labeled Toxics, lt~hclcd l .OC CBs, and the cleanup standards, the GCIMS 
is calibrated using replicates at a songle concenllation Hlld the concentrations of 
tltcsc lt1hclcd compounds in samples are detemuned using l.hc inMnal standard 
techruque. 

2.6 The quality of the analysis is assured through reproducible calibtHtion 811d testing of the 
exlraction, cleanup, and GC/MS systems 

3 
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3.0 Definitions 

Definitions are given in the gloSS31)1 at the CJld of this Method. 

4.0 Contamination and interferences 

4 

4.1 Solvents, rea.gents, sJassworc, and nther sample processing hardware may yield artifacts, 
elevated baselines, and/or lock-mass suppression causing misinterpretation of 
chromatograms. Speci fie selection of rea.gents and puriliC>ttion of 50 I vents by distillallon 
in all-glass systems may be rcquir•'tl Where possible, reagents are cleaned by e><traction 
or solvent rinse. Cnvironmentnlly abunthmt CRs, as well as toxic congeners I OS, 114, 
118, 123, 156, 157, and 167 have been shown to be very diflk-ult to completely ehmmate 
from the labota10ry at levels lowC<than the EMDLs in this Method (Table 2), HOd haking 
of glassware in a kiln()( fumooe 01450- 500 •c may be necessary to remove these and 
other contamim:mb 

4.2 Proper cleaning of glasswore IS extremely important, because glasswnre may nut only 
contaminate the samples but may also remove the analytcs of interest by adsorption on the 
glass surface. 

4.2 .1 Glassware should be rinsed with solvent and washed with a detergent solution"" 
soon af\er use as is practical. Somcat10n ofglassww·e conbtining a detergent 
solution for opproximHtely 30 seconds may aid in cleaning. Glnsswnrc with 
removable parts, particullll'ly seporatory funnels with fluoropolymer stopcocks, 
must be disassembled prior to detergent washing. 

4.2.2 After detergent washong. ~lossware should be rinsed immedullely, first with 
methanol, then With hor tap water. Titc tap water rinse is followed by another 
methanol rinse, then acetone, and then methylene chloride. 

4.2 .3 Baking of glassware 111 a k1ln nr nlber high temperature furnace (300 - SOO ' C) 
may be warranted after particularly dirty samples BI'C encountered The kiln or 
furnace should be vented to prevent laboratory contamutatlon by CB v>tpors 
Baking should be rntn1mi.z.cd, a.q repeated haking of glassware may cause octivc 
sites tm the glass surface that may irrevers1bly odsot b CBs. 

4.2.4 Immediately prior to usc, the S.•xhlet apparatus should be pre-extrllCted with 
toluene for approximately 3 hours (sec Sections 12.3.1-12.3 .3). 'I' he extroct1011 
apparatus (Section 6 4) should be rinsed with methylene ehlurideltoluene (80120 
mixture). 

4.2.!5 A separate s.:t uf gla.o;sware may to necessary to ell'ecttvcly preclude contamination 
when low-level samples are analyzed 
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4.3 All matennls used in the ~~Mlysis must be demonstralOd tn be free from interferences by 
running reference mlltrtx method blanks (Section 9.5) irunnlly ond with each sample OOtcb 
(samples started through the extracllon process on a given 12·hour shli\, to a llllt<imum of 
20 samples). 

4 .3 .1 The reference m:llnx must simulHte, as closely as poss1ble, the SHmple matrix 
under test Ideally, the reference mltlri< should oot contain the CBs rn d<.1.,.;table 
amounL~ but should contain potential 1nterferents in the concentrations expected to 
be found m the sam pi~ tn be analyzed. 

4 .3 .2 When a reference matrix that s1mullll~ the sample matrix under test IS not 
nvrulable, ""'!:!ent water (Section 7.6.1) can be used to simulate water samples; 
playground sand (Section 7 6 2) or white quartz sand (Sec1ron 7 .3.2) CHn be used 
to simulate soils; filter paper (Seclron 7.6 3) c:an be used to simulate po.pcrs and 
similar materials; and com oil (Sectton 7.6.4) CHn be used to simulate tossues. 

4 .4 Interferences co-e.,tractcd from samples will vary cons1derobly lrom suurce to source, 
depending on the diversrty of the s1te beins Slim pled Interfering compounds 1114Y be 
present at aoncentrations several orders of mQS~~otudc higher than the CBs. The most 
frequently encount<.-red interferences are chlorinated d1oxms and dihero.ofurans, methoxy 
biphenyls, hydroxydiphenyl etlters, ben:cylphcnyl ethers, brominated diphenyl ethers, 
polynuciCHr IU'omatics, polychlorinated naphthalenes, and pe~ticidcs Because very low 
levels of CBs arc mC>r.,urcd by this Method, the elimination of rnterfcrcnccs is essentiaL 
The cleanup steps gi•-en "' Section 13 CIIJl he used to reduce or eliminate these 
interferences and thereby permit reliable de~ermutation uf the CRs & the levels sho\\11 m 
Table 2. 

4 .5 Each piece of reusable glassware shouhl he numbered to associate that glassware with the 
processing of a particular sample. This wtllllSSISL the laboratory in tracking possoble 
sources of contamination for individual samples, identifymg glassware ""-"'KX.;Hied with 
highly contammated samples that may r"'luin: extra cleaning, and detemurung when 
glao;sWIII'e should be discarded. 

4 .6 ConUJJnutntion of c..tihrat.itm solutions-The flMDLs and l:!MLs on Table 2 liTe the levels 
that can be achieved wrth normal laboratory h.ckgrounds present. Many of the EMLs arc 
grcdt:r rhlill the equivalent concentrations of the calibration M1h1tions In order to prevent 
contamrnatinn of the calibration solutions wtth the backgroUJids allowed by the EMLs, the 
calibration solunons must be prepared in"" 11rea free from CU contanunalron using 
glassware free from contammation. JJ' these 1 cquircments cannot be met or are d1llicult to 
meet in the lahnratory, the laboratory should prepare tlte calibr1ttinn solutions in a 
contamtnation·free facoloty or have a vcndnr prepare the calibration standards ond 
guan .. ot~'<! freedom from contamination. 

4 .7 Cleanup of tissu~The nlllural hpid content nf tissue can interfere in the analySIS of 
tissue ""mples for the CBs. The lipid contents ol' dilTCI'Cnt species and portions of tissue 
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can vary widely . Lipids are soluble hl varying degrees in vanous orgruuc sui vents and 
may be present in sufficient quantity to overwhelm the column chrornatogrophic ciC>!11up 
procedures u:IOO fur cleanup of sample extracts. L1pids must be r=oved by the 
anthropogenic isolation column prtl<lll<lure in ~lion 13.6, followed by the gel permeation 
chromatography procedure LD Sectton 13 2 Florisil (Section 13. 7) IS necommcndcd a~ an 
addtttonal cleanup step 

4.8 If the laboratory wr 1s a pote>lliw "''urcc of CB contamination, srunples, ICilgL"Ilt:.'<. 
slasswarc. and other materials should be dned ul a glove hox or other area free from 
contwmnmton. 

5.0 Safety 

6 

5.1 The tuxicity or carcinogenicity of each chem1cul used in this Method has not been precisely 
detenntned, however, cadt compound should be treated as a potentull health hazard. 
Exposure to these compounds should be n:duced to the lowes! possible level. 

6 .1 .1 PCBs have been tenlatively classified as known or suspected human or 
mammalian carcmogcns. On the b.sis of the available tox1cologJcal and physic..l 
properties of the CDs, pure standards should he handled only by highly trained 
personnel thoroughly familiar watl1 handlang and cautiunHry procedures and the 
associalcd risks. 

5.1 .2 It is recommended that lite loborototy purchase dilute standard solutions of lite 
tsrudytes in this Method. llowever, if pnmary sol uti OilS arc pr~,.,.ed, they must be 
prepared in a hood, lllK1 "NIOSHIMESA approved tOXIC gas resp1rator must be 
worn when high concentrllllons are handled 

5.2 TI1e lnboratory i• responsible for maintaining a current awareness ftlc of OSHA 
regulations regarding the safe handling uf the chemicals specified in this Melhod. A 
re ference file of material safety data sheets (MSDSs) should al~u he made available to all 
PLYSunncl involved in these analyses. It is also suggested thlll the lahnntlnry perform 
personal hygiene monitoring of csch analyst who uses this Method and that the results of 
this monitoring be made available to lite o.nalyst. Additionlll infonnation on laboratory 
saf<1y can he found in References 6-9. lne references aJJd bibliogt"''hy at the end of 
Reference 8 are particularly COtllpn:hL'tlsivc in dealing willt the general subject of 
laboratory safety. 

5.3 "lne pure CBs and samples su.•~1ed to contain these compounds o.re handled using 
essentially the swne tecluuques employ<'<~ in handling radioactive or infectious materials. 
Well-ventilated, controlled access laborntones are required. Assistance in evaluating the 
health hazards of particular laboru.lnry conditions may be obtained from certain consulting 
lulxmdO<ies and from State Departments of Health ur Labor, many of which have an 
industrial heal lit service. Each laboratory must develop a stt1ct safety prusr= for 
handling 1hese compounds. The proctJccs in Reference I 0 fn< handling chlonnated 
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dibenzo..p-<boxins and dibenzofuram. (CDDs/CUFs) are also recommended for handlulg the CBs. 

5.3.1 Facility-When finely divided samples (dusts, soils, dry chemicals) are handled. 
all ope.wions (including rcmnval of samples fwm sample containc1's, weighing, 
transferru\8, and mixing) should be performed 1n a glove box demonsuatcd to be 
leak tight or 10 a fume hood demonstmtcd to have adequalc air flow Gross lo~ 
to !he l•boratory ventilation system must not be allowed. Handling of the dilute 
solutions nonnally used in analytical and animal wt)rk presents no tnhalatiun 
hazards except in !he case of an accident 

5.3.2 Protect ive equipment Dispusable plastic sJoves, apron or lab coal, safety glasses 
or mask, and a glove box or fume hood adeqllllte for radioactive work sbould t>e 
used. Dunng analytical operations th01may give rise to aerosols or dusts, 
personnel should wear rest>iffltors equipped will• •~tivated carbon lillcrN. Eye 
protectton (preferably full face shields) must be worn while working with expu><Cd 
samples or pure llflll)ytical standards. Latex gloves are commonly used ro reduce 
exposure of the hnnds. When handling samples suspected or known In contain 
high concentrations of the CBs, an additional set of glove~ can also be wom 
beneath the latex gloves. 

5.3.3 Training-Workers must be trained in the proper method of removing 
contamin1tled gloves and clothing without contllettng lltc exterior surfaces. 

5.3.4 Personal hygien&-Hands uml forearms should be washed thoroughly afil!r each 
marupul1tlion and before breaks (cuffee, lunch, and shift) 

5.3.5 C.onfinement lsohtted work areas posted with signs, segregated glassware and 
tools, and plastic absorbent paper on bench tops will aid in confirung 
contaznin!:llion 

5.3.6 F.ffluent vapors The effiuent of the sample splitter from the gas chmmatograph 
(GC) and from roughmg pumps on the mass spcettometer (MS) should pass 
through either a column of acuv01cd charcoal or be bubbled through a trap 
containing oil or high-boiling alcohols to condense CB vapors. 

5.3.7 Waste Handling-Good technique includes mmtmt.<ing contaminated waste. 
Plastic bag liners •hould be used 111 wa~tc cans. Janitors and oth<T personnel 
should be trained mthe safe handling of waste 

5.3.8 Uecontruniruttion 

5.3.8.1 DecontanuJlalion nf personnel-Usc any mild soap With plenty nf 
scruhbing action. 

7 
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5.3.8.2 Glassware, tools, and surlhces-Chlorothenc NU Solvent is ale"" 
tOXIC solvent tlud shnuld be effective m remo•ing CRs Satisfactory 
cleaning may be oocompltshcd by rinsing with Chlorothenc, then 
washing with any detergent and W81l:r If glassware is first ru~ 
wnh solvent, the wtt.~h water may be d1sposcd of in the sewer. Given 
rhe cost of disposal, 11 1~ prudent to minimize solvent wastes. 

5.3.9 LawlCiry Clo~1ing known to be contaminated should he collected in plastiC bo.gs. 
Persons that convey the bogs and launder the clothing should be ad•is.:d of the 
hazard and trained in proper handltns. The clothing may be put 10to a W8lll1 .. .,. 
wttbout conlllCI if the launderer knows of the potential prnhlem The washer 
should be run through a cycle before being used agrun for o~lcr clothing 

5.3.10 Wipe test,._A useful method ofdeterm•n•ngclcanlin~ of work surfaces and 
tools IS to I>Cdt)nn a wipe test of the surface suspected of hcing contaminated. 

5.3.10.1 Using a p1ece of liltcr fl8PC" moistened with ChJorothene or oth.,. 
solvent, wipe an area approxunatcly 10 x 10 em. 

5.3.10.2 Extract and analy..e the wipe by GC wtth QC\ electron Cllj>ture detector 
(ECD) or by th1s Method. 

5.3.10.2 Using the area wiped (e.g., 10 x 10 em ' 0.01 m'), calculale the 
concentrolton 10 JJ.p/rn' A concentration less than 1 JJ.g/m2 md1C81Cll 
accepcable cleanltness, My thing higher w·diTants further cleanmg 
More than 100 ,.pjm1 constitutes an acute haard and requires prompt 
clearung before fw thcr use of the equipment or work space, and 
indicates tlwl un=ptoblc wnrk practices have been employed. 

6.0 Apparatus and materials 

8 

Note: Brand names. suppliers. and part number.< ure for tllusrrarion purposes only and no 
end""''emtnlts 1mphed. Equi\'Oimt peifonnance may be ochiew:d usmg opparaws and 
materials other than thtA<e .1pectjied here. Meetillf( the pcrjonnance l'f!quirttments of this Method 
is the responsibility ofthe laboratory. 

6 .1 Samplmg equtpmcnt f<>r di!ICrete or composite sampling 

6.1 .1 Sample bottles and caps. 

6 .1.1.1 LJqUJd samples (W111.,.,., sludges and simil3r matenals containin11 S 
percent solids or Jess)-Sample boule, lill'lber glass, Ll-L minimum, 
with S<:.'I'CW Cllj> 



Method /668, Revwon A 

6.1.1 .3 

Solid samples (soil><, sediments, sludges, paper pulp><, fi lter cake, 
oompost, and similllf materials that contain more than 5 percent 
solids)--Sample boctle, Wlde mouth, arnhcr glass, 500-mL muumwn 

lf amber bottles arc nc>t available, samples must be prot<:cted fi-om 
light. 

6.1 .1.4 tlottle caps- TI~rcude<l to fit sample bottles. Caps must be lined with 
fluoropolymer. 

6 .1.1.5 Cleaning 

8.1.1.5.1 Bottles llfC dctLTgent '"'al:er washed, then solvent nnsL'tl 
before use. 

8.1.1.5.2 Liners urc detergent water washed and nnsed with 
reagent W1ller (Section 7 6 I) 

8.1.2 Compostttng equipment-Automatic or manual eomposmng system incnrpora1ing 
glass containers cleaned per boule cleaning procedure above. Only gi3SS or 
Jluo•opHiymcr tubing must be used. 1f the sampler uses a peristaltic pump, 3 
nummum length of compressible silicone rubber tubing may be used in the pump 
only. Defore use, the tubing mu.~t he thoroughly rinsed with methanol, lollowcJ hy 
n.'JlC!Iled rinsing with reagent water to mmun12.e sample contamination. An 
mtegratlllg flow meter is osed to collect proportional compostte samples 

6 .2 F.quipment for glassware clearung 

Note: If blank.~ from lxJ/tles or other glassware or w/lh.f~:wer cleaning .~teJA< than required 
abo>-e show 110 dctcctab/1! CB comamination, unnece.muy cleani11g steps and equipment muy he 
eltmmated. 

8.2.1 Laboratory stnk Wlth overhead fume hood 

6.2.2 Kiln-Capable of reaching 450 •c within 2 hours and maintaining 450 - 500 •c 
within + I 0 •<;, with tempcuiLUJc controller and safety switch (Cress 
Manufact\lring Co, Santa l'e l:ipnngs, CA., 831 H, X3 ITS, or equivalent). See the 
precauttons in Section 4.2.3 

6.3 Equipment for sample preparolton 

9 
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6.3 .1 Utb<oratory fume hood of sufficoent sne to conl>lin the Sllmple preparation 
equopmenl hstcd below 

6.3 .2 Glove box (opuonal) 

6.3 .3 Tissue homogcnizLT-VirTis Model 45 Macro homogeno:ter (Americnn Scientific 
Products 11·35 15, or equivalent) with stainless steel Macro-shaft and Turbo-shear 
hhode 

6.3.4 Meat gnnder Hobart_"' "'luiwlent, with 3- to 5-mm holes on onner plalc. 

6.3.5 Equipment for detennining percent moosture 

6.3.5.1 Oven-capable of mai ntaining a temperature of 110 ± 5 •c 

6.3.5.2 Desiccator 

6.3.6 Balances 

6.3.6.1 Analytical--(:apable ofweoghing 0.1 on~ 

6.3.6.2 Tur> loading-capable of weighing I U mg 

6.4 Extraction apparatus 

6.4.1 Water samples 

6.4.1 .1 

6.4.1.2 

6.4.1 .3 

6.4.1 .4 

6.4.1 .5 

pH meter, with combonruoon glass clcctnodc 

pH paper, wide rnn~c (Hydrion Papers, or equivalent) 

Graduated cyhnder, 1-L capacity 

Liquid/liquid extno.aion-Separatory funnels, 250-, 500-, and 2000-
mL, With fluoropolymeo stop<:ocks 

Su1id-phase extraction 

6.4.1.5.1 1-L liluruiun "!'l'aralliS, including glass funnel, frot 
suppon, clamp, adapler, stopper. filtration flask, and 
vacuum tubing (Figure 4). For wastCW>Iler sampleJ<. the 
apparatus shuu1d accept 90 or 144 mm disks. J1or 
drinking water or other samples containing low solids, 
smaller di•ks may be used. 
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6.4.1.15.2 Vacuum source-Capable ofmaintain.ng 25 on. Hg, 
equipped with shutoff valve and vacuum gauge 

6.4.1.15.3 Glass-fiber filter Wh81rnan GMF 150 (or equivalent), I 
mtcron pore size, to fit filt.t'llloon HJ>Jlllf3niS in Section 
6.4. 1.5.1 

6.4.1.15.4 ~>lid-phase extraction dosk containing octadecyl (C11) 
bonded silica uniformly enmeshed in an inen 
matrix-F1shcr Scientific 14-3781' (or equovalcnt), to fit 
filtration apparatus in Section 6.4 1.5.1 

Continuous liquid/liquid extraction (CLLI!}-Fiuoropolyrncr or glass 
corutc..'tingjoints and stopcocks WithOUt lubrication. 1.5-2 L capacity 
(Hershberg·WnlfF.xtrac~or, Cal-Glass, Cos~a Mesa, California, 1000 
mL or 2000 mL, or e4uiv11lent). 

6.4.2 Soxhlet/Dean-Siilrk (SOS) extractor (Figure 5 and Reference II) for filters and 
solid/sludge samples 

6.4.2.1 

6.4.2.2 

6.4 .2.3 

6.4.2.4 

6.4.2.5 

Soxhlet-50-mm IU, 200-mL capacity with 500-mL flask (Cai-GIH." 
LG-6900, or equivalent, except substitute 500-mL round-bottom llnsk 
for 300-mL flat-botturn nask) 

Tbimble--43 • 123 to fit Soxhlet (Cal-Glass LG-6901- 122, or 
eqwvalcnt) 

Moisture trap-Dean St.aJk or Barret with fluoropolymer stopcock, to 
fit Snxhlel 

Heating mantle-Hemispherical, to fit 500-mL rowtd· bottom na,k 
(Cal-Glass LG-8801-1 12, or equ1valcntl 

Variable l!llllsform~-r-Powerstat (or equivalent), 110->o1t. 10-arnp 

6.4.3 Beaker~ to 500-mL 

6.4.4 Spatulas--Stainless steel 

6.5 1'11trauon 8J>pai"Hlus 

6.6.1 Pyrex glass wooi- Solvent-exlt'&.'lcd using a Soxhlet or SDS exlt'octor fi>r 3 hours 
muwnwn 

6.15.2 Glass funnel-125- to 250-mL 

II 
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6.5.3 Glass-fiber filter paper - Whatrnan GF/D (or equivalent), to lit gla'<.~ funnel in 
Section 6.5.2. 

6.5.4 Dryutg column- IS- to 20-mm ID Pyrex chromatographiC culumn equipped with 
coarse-glass frit or glass-wool plu~:~ 

6.5.6 Buchner funnel-15-an 

6.5.6 Glass-fiber filter paper for Buchner funnel above 

6.6.7 Filtratinn flasks-1.5· to 2.0-L, with side arm 

6.5.8 Pressure fi ltration appw·atus Millitx>re VT30 14211W, or equivalent 

6.6 C_,ltrifUI:\C llj)Jlllfa!US 

6.6.1 Centrifuge Capable of rolldin~:~500-ml . centrifuge bottles or I 5-mL centrifuge 
tubes at 5,000 rpm minimum 

6.8.2 Centnfuge bottles-500-mL, with screw-caps, to fit centrifuge 

6.6.3 Centrifuge tubes-12- to 15-mL, With screw-caps, tu fit centrifuge 

6. 7 Cleanup apparatus 

6. 7.1 Automated gel penne:u1on ehromlllogroph (Analyticnl Biochemical Labs, Inc, 
Columhia, MO, Model GPC Autoprep 1002, or equivalent) 

6.7.1.1 

6.7.1.2 

6.7.1 .3 

6.7 .1 .4 

Column-{>()()-700 mm long x 25 mm m gl!t$$, packed with 70 g of 
200-400 mesh SX-3 Dio-beads (810-Rad LaboratrlliL'S, Richmond, 
CA, nr e<juivalent) 

Syringe-10-mL, w1th Luer liuin~:~ 

Syri01:1c filter holder-stainless steel, and glass-fiber or fluoropulymer 
filters (Gelman4310, nr e<ruivalent) 

IN de!ecton;-254-nm, preparative or senu-preparativc flow cell 
(lsco, Inc., Type 6, Schmadm, 5-mm path length; Ueekman-Aitex 
152W, 8-.uL m1cro-prep How cell, 2-mm p•th; Pharmacia UV- 1, 3-
mm flow cell; LUC Milton-Roy UV-3, monitor 111203; or 
equ1valent)xxx 

6. 7.2 RcvcrS<.'-phase high-perfomtance liquid chromatograph (Reference 4) 



6.7 .2.1 

6 .7 .2.2 

6 .7 .2.3 

6 .7 .2.4 

6 .7 .2.5 

6 .7.2.6 

6 .7 .3 Pipets 

6.7 .3 .1 

6.7 .3.2 
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Pump-Perkin-Elmer Series 410, or equivalent 

Injector-Perkin-Elmer ISS-100 Autosampler, or eqUivalent 

6-Port switching valve--Valco N60, or cquivHicnt 

Column-Hypercarb, I 00 x 4.6 mm, 5 ,m panicle s&ze, Keystone 
Scocntific, or equivalent 

Detector- Ail ex 11 OA (or equivalent) operated at 0.02 AIIFS at 235 
nm 

Fmctoon oolledt><-ISOO Foxy 11. or eqUIV11Ient 

Oosposnblc, Pasteur, 150-mm long x 5-mm LD (Fisher Scientific 13-
678-6A, or equmuent) 

Dispt>l<able, serological, 5D-rnL (8- to I 0- mm ID) 

6.7 .4 Glass chromatogrnphoc columns 

6.7 .4 .1 

6.7.4.2 

6.7 .4.3 

150-mm long x 8-mm 10, (Kontes K-420 155, or equivalent) with 
COQI"Sboglnss frit or ~ ... .._,.,.'001 plug and 25Q.mL ,._.,von 

200-mm long x 15-mm 11), woth cow s<.~glass frit or glass-wool plug 
and 250-mL reservoir 

300-mm long x 22-mm LD, with coanse-glass frit, 300-rnL reservoir, 
IIJ1d glass Of fluoropolymer stopcock 

6.7 .6 Oven--For baking and storage of odsnrhcnts, capable of maintammg o constHnt 
temperature (:!:5 •C) in the range of 105-250 •c 

6.8 Concentration apparatus 

6.8.1 Rotary Cvllj>Ondor-Buchi/Brinkmon-American Scientific No. 85045-10 or 
equivalent, equipped with a variable temperature Willer hmh 

6.8.1.1 Vacuum source for rowry evaporator equipped Wlth shutoiT v!!lve at 
th.: CYllpt><alO< and vacuum gauge 

6 .8.1.2 A recirculating water pump and chill<-.,. are recommended, os use of 
tap water for cooling the evaporator wastes large volumes of water 

13 
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6.8.1.3 

and can lead tu inconsistent perfonnance a.~ wwt.er temperatures and 
pressures vary. 

Rnund-bottom flask- 100-mL and 500-ml. or larger, wnh ground
glass tining compatible with the rotary evaporator 

6.8.2 KuucmH-Oanish (K-D) concentrato.r 

6.8.2.1 

6.8.2.2 

6.8.2.3 

6.8.2.4 

6.8.2.5 

Conet.'ntrator tube-10-mL, graduated (Konte>~ K-570050-1025, or 
equivalent) woth cahhrKlinn verified. Ground-glass stopper (•i7.e 
19fl2 joint) is used to prevent evaporation of eoarads. 

llvaporatt.on flask- 500-mt (Kontes K-570001-0500, ur tlquivalent), 
attached to concentrator tube with springs (Kontes K-662750-0012 M 
CtjuivHient) 

Snyder colunu1- Tim:~>-ball macro (Kontes K-503000-0232, or 
equivalent) 

Boiling chips 

6.8.2.4.1 Glass or sohcon carbide-Approximately 10/40 mesh, 
extracted with methylene chloride and baked at450 •c 
fOr one hnur minimum 

6.8.2,4.2 Fluoropolymer (optionHI)-F.xtracted with methylene 
chloride 

Water bath- Hellted, with cnucentric ri ng cover, capable of 
maintaining a temperature within ±2 ' C, installed in a fume hood 

6.8.3 Nitrogen blowdown appor01us- Ec1uipped with water bath controlled in the f!lnge 
uf30- 60 •c (N-Evap, ()rplomauon Associates, Inc, South Berlin, MA, or 
eqwvolem), m.aalled in a fume hood 

6.8.4 Sample vials 

6.8.4.1 Amher glass, 2· to 5-mL woth tluoropolymtor-lined screw-cap 

6.8.4.2 Glass, 0.3-mL, coou:al, with fluoropolymer·hned screw or ~'Timp cap 

6.9 Gas chromatograph Must have splitless or on-column mjeciJon port for capillary 
column, temperature program with t.sotllcrmal hold, and must meet all of the perlbomuncc 
specifications in Scclinn 10 
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6.9 .1 GC colum~Any GC column or column system (2 or more et)lumns) that 
provides unique resolution and tdenlllicru.ion of the Toxics for determmat.ion of" 
TllQrr.s using TEF~ (Reference 1). Isomers may be uno'c»~>lved so long as they 
have the same TEF and rc.'[JOnse factor and so long as these unresolved isomers 
are uniquely resolved from all other c~mgeners For example, the SPS.octyl 
column (Sa:tion 6 9 I 1) achteves umque GC resolution uf all Toxics except 
congeners with TUPAC. numbers 156 and 157. 'llus tsomcnc pair is uniquely 
resolved from all other congeners and these congeners have the same TEF and 
rcs1xmsc factor 

6.9.1.1 

6.9.1.2 

6.9 .1.3 

If an SPB-octy I CC)Iurnn is used, it must meet the specoficaloon in 
Section 6.!1.1 and tlle !allowi ng additional specifications: 

6.9 .1.1.1 The retention time for decGChlorobophcnyl (DFB; PCB 
209) musl be greater than 55 monutes. 

6.9.1.1.2 The column must uruquely resolve congeners 34 from 23 
Md 187 from 182, and congeners 1 56 and 157 must co
elute wotlun 2 scounds at the peak maximum. Uruque 
resolution means a valley heightlc~s than 40 percent of 
the shl>rter of the two peaks th3t result when the Diluted 
combo ned 209 cungener solution tSection 7.1 0.2.2) ts 
analyzed (see Fogures 6 and 7) 

6.9 .1.1 .3 Titc column must be replaced when any of the a-itcria iu 
Secuons 6.9.1 · 6.9 I I 2 aTe not met. 

If" column 0< column system alternate to the SPB-octyl cnlumn is 
used, spectiicauons simil11r tn those for the SPD-octyl colunm 
(Sections 6.9.1 • 6.!1.1.1.2) must be developed and he functionally 
cquivak'T1t to those specifications. 

Suggested column 30±5-m long x 0 25.L0.02·mm ID; 0.25'j.lm fdm 
SPB-octyl (Supelco 2·4218, or equivalent). This column is capable 
of meeting the rcCJuirements in Sections 6.!1.1 • 6.9.1.1.2. 

Note: The Sl'B-ocryl column is subject to raptd degrodatmn when exposed to oxygen 17te 
analyst slt<Ju/J exc·lude oxygen from the carrier gas. should eliminate uir leak<. ami should cool 
the injector, column. and tra11sjer line befrm: opemng the column ro the atmosphere. For further 
infbrmatron 011 precludlnf( oxidation, comact t/1<: column =nufacturer. 

6.9.1.4 Column for resolutoon of additiontli congeners-see Annex A for 
details on the OR-I column. The DB-! oolwmttS optional ""dis 
capable of wuqucly resolving the congener prur With IUPAC 

IS 
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156 and 157 When used in combinauon Wtth the SPR-octyl column 
(Sect1on 6.9.1.3), the two-column system is e4pable of ICllnlvin!l a 
total of approximately 180 CB congeners 

6.10 Mass spectrometer- 28· to 40-cV electron impact ionization, must be cnpahlc nf 
selectively monitoring a minimum of22 CXllCt m/z's m inimum at high resolution(~ 10,000) 
during a period le~;o5 than 1.5 seconds, and must meet all of the pcrfi>rmance specification.s 
in Section I 0. 

6 .11 OCIMS interfac-The mass spectrometer (MS) must be interfaced to the GC such that 
the end oftbe capillary column tenninates within 1 em of the 100 source but due• not 
intercept the electron or 100 beants. 

6 .12 Dala system-Capable of collecting. recording, stormg, and prucc....in~:~ MS data 

6 .12.1 Data aeqwSillOn The ~gnal at each elOICI m/z must be collected repetttJvely 
throughout the monttonng penod and stored on 11 mass st.orage device. 

6 .12.2 Response factors and multipoint cal ibration9-The data system must record and 
maintain lists of response lllcto1S (response ratios for isotope dilution) and 
multipoint cal ibrations. Computations of relative stamhu·d deviation (RSD) 3!e 
used to test calil,.otion linearity. Statist ics on initial (Section 9.4) nnd <)llf:loing 
(Section 15.5.4) perJbrmancc should be computed and maintained, either on the 
instrument data system, or on a separate compul<:r system 

7.0 Reagents and standards 

16 

7.1 pH adjustment and baclc.·extractton 

7 .1 .1 Potassium hydrox"lc- DiS1!<>1ve 20 g reagent grade KOH 10 I 00 mL reae,ent 
water. 

7 .1.2 Sulfuric HCid-Reagent grade (specific gravity 1.84) 

7 .1.3 Hydrochloric acid- Keagent grade, 6N 

7 .1 .4 Sodium chlorid~~RC>tgL'Tlt grade, prep3!e at 5% (w/v) solution in1C8f1Cnt w>der 

7.2 Solution drying and evaporauon 

7.2 .1 Solution dryin~:~-Sodium sulfate, reagent grade, granular, anhyc.lmu• ( Baker 
3375, or equivalent), rmsed w1th mcthykT>e chloride (20 mUg), baked at 400 •c 
for I bnur minimum, cooled in a desiccator, and ston:d in "pre-cleaned glass 
bottle Wtth screw-<:ap t!Ull prevents moisture from emenng. If, IIIIer heating, the 
sodium sulfate develops a nooceable gray1sb cast (due to the prc8CRCe of carbon 
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in the crySUII matnx), thHI batch of reagent IS not suo~>tble for use and should be 
do!oCIITded Extraction wuh methylo.:nc chloride (as opposed to simple nnsing) 
and baloll8 at a lower temperature may produce sodium sulfate that os suotablc 
for use. 

7 .2.2 Tossuc drying-Sodium sulfate, rcll8Cnt grade, powdered, treated and •tnrcd as 
in Section 7.2.1 

7 .2.3 PrepurUied nitrogen 

7.3 Extraction 

7 .3.1 Solvents-Acetone, toluene, cyclohcxane, hexane, methano~ methylene 
chlorode, isouctane, and nonane; dostolled on glass, p<.-'<ricide quality, lot-<:enolied 
to be free of interference.« 

Note: S()me .wlvt-nts: e.g .. isoocranc and nonane, muy nl'ed to be N!·dlstilled to e/iminall' CB 
backgrormds. 

7 .3.2 White quart1. sand, 60nO mesh- for Soxhlct/D.,.n-Stark extraction (Aidnch 
Chemical, C11L. Nn. 27-437-9, or equivalent). Bokc at 450 •c for 4 hour 
minimum. 

7.4 GPC colobl"8lion sulution-l'repare a soluuon conwrull8 2.S m!VmL com oil, 0.05 
mglmL bis(2·ethylhexyl) phthalate (BF.Hl'), O.ot mglmL methoxychlor, 0.002 m!VmL 
pcrylene, and 0.008 mglmL sulfur, or at concentrations appropriate to the reSI)Onsc or the 
detector. 

7.5 Adsorbents for sample cleanup 

7 .6.1 Silica gel 

7.5.1.1 

7.6.1.2 

Actovnted silicagcl- 100-200 mesh, Supelco 1·3651 (or cquivlllent) .• 
rinsed with methylene chh)ride, baked at 180 •c for a mmomwn of I 
hcour, cooled in a desiccator, and stored on a precleaned glass bonle 
wolh screw-eap thHI prevents moisture from emenng. 

Acid silica gel (JO"Io w/w) Thoroughly mix 44 g of concentrated 
sulfuric acid with 100 g of activated so hen gel in a clean container. 
Dr~ up 083fegUICS with" stinring rod until 3 unoform moxturc is 
obtwned Store in a screw-capped boule with Auoropolymer-lined 
cap. 

17 



Method /668 Revi.~ion A 

18 

7.5 .1.3 

7.5.1.4 

7 .5 .2 Carbon 

7 .5.2.1 

7 .5.2.2 

7 .5.2 .3 

Uos1c silica gel-Thoroughly mix 30 g of IN ;u'ldium hydroxide with 
J 00 g of activated s1hca gel in a clean container. Break up 
1181Vesates with a stimng rod until a Wliform mixture is obuuned 
Store in a screw-capped bottle with fluoropolymcr-lined cap. 

Potassium silicate 

7 .5 .1 .4.1 Dissolve 56 g of high punty pota~sium hydroxide 
(Aim ich, nr equivalent) in 300 mL of methanol in" 75(}. 
to 1000-mL flat-bottom flssk 

7 .5 .1.4.2 Add 100 gofactivated silic:~gel (SectJon 7.5.1 1) Hnd ~ 
stirrulj! bar, and stir on an explosion-proof hot plate at 
60-70 •c for 1·2 hours. 

7 .5 .1 .4 .3 DcCHntthe liquid and rinse the potass1wn silicate twi•-c 
With 100-mL portions of methanol, followed by a smglc 
rinse wnh I 00 mL of methylene chloride 

7 .5 .1.4.4 Spread the pntassium silicate on solvent-rinsed 
aluminum fod and dry fo• 2-4 hnurs in a hood. Observe 
the precaution in Section 4.8. 

7.5.1.4.5 Acllvate ovcmightat200-250 •c prior to use. 

Carbopak C- (SupclC<) 1-0258, or equivalent) 

C:clite 545--{Supelco 2-0199, or equmllem) 

Thoroughly nux 18 0 g C.arhopak C and J 8.0 g Celite 545 to produce 
a 50"/o w/w mixture. ACtJVate the mixture 111 130 ·c for a minimum 
uf 6 hours Store in a desiccator. 

Note: The carbon column IICI., been included in th~< Method to allow separation of co-plwwr 
congeners 77, 126. and 169 from Other COIIf{CIICTS a11d llllerforences, .<hould such separat/011 be 
desired. 

7.5 .3 Anth1upogcnic isolation column-Pack the colwnn m Section 6.7.4.3 /Tom 
bottom to top With the followmg. 

7.5.3 .1 2 g 'iliCH gel (Section 7.5.1.1) 
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7 .5.3.2 2 s potassium silicate (Section 7.5.1.4) 

7 .6.3.3 2 g granular anhydrous sodium sulfate (Section 7 .2.1) 

7 .5 .3.4 10 g acid silica gel (Section 7.5.1.2) 

7.6 .3 .5 2 g granular anhydtous sodium sulfate 

7 .5.4 l'lonsol column 

7.5 .4 .1 

7 .5.4 .2 

Florisii- PR grodc, 60-100 mesh (U.S. Silica Corp, Berkeley 
Springs, WV, or equivalent). Alternatively, prepacked Florisil 
colwmts may he uwd Use the following procedure for Flurisil 
activation and column l"'cking. 

7.5.4.1.1 Fill a clean 1- to 2-L bottle 112to 213 full with Florisil 
and plO<:c in an oven at 130-150 •c for a muumum uf 
three days to actJvatc the Flurisil 

7 .5.4 .1.2 Immediately prior to use, dry pack o 300-rnm x 22-mm 
lD glaqs column (Section 6.7.4.3) bottom to top wotlt 
0.5· 1.0 em of wann tn hot anhydrous sodium sulfate 
(Section 7.2.1), 10-10.5 em of worm to hut a<.1.ivated 
Flonsil (Section 7.5.4.1.1), and 1·2 em ofwann to hut 
nnhydtous sodiwn sulfate Allow the column to cool 
and wet i!IUMdiately Wlth I 00 mL of n-hcxane to 
pre' cnt wxter from entering. 

Using the procedure in Section 13.7.3, estabh>h the elution pattern 
for each CIIJ'lon of Florisil or each lot of !'loco sol columns rcccived 

7.6 Reference matrices-Matrices on whoch tltc CBs Md interferi ng compounds are not 
detected by tlois Method 

7 .6 .1 Reagent water-Bottled water purcha.«ed locally, or prepared by passage through 
IICtivKled carbon 

7 .6.2 IIJgh-solids refet"enoe m811'1x- Piayb'TOtmd sand or similar matenal. Prepared hy 
extraction with methylene chlorode and/or baking !I! 450 •C for a minimum of 4 
ht)UI'M. 

7.6 .3 raper reference matrix-()lass·tiber Liller, C'rdm"" type A, or equivalent. Cut 
pnpcr to simulate the surface area of the paper sample bcongtc•lLxl 

7.6.4 Ti'!Sloe reference matrix-<.:om or other vegetable oil 

19 
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7 .6.5 Other m81riCCll-This Mechod may be venfied on any reference matnx by 
perfonning the tests SJVCil in Section 9.2. Ideally, the malftx should be free of the 
CRs, but in no case must the background level of the CDs in the re!erencc 
malfix exceed the minimum levels an Table 2. If low bll<:kground levels of the 
CDs are present Ill U1c reference m•trix, the spike level of rl1e annlytc~ """''in 
Section 9.2 should be increased to provide a spike-to-background ratto of 
approximately 5 (Reference I I). 

7.7 Standard solutions-Prepare from material• nfknown purity and composition or purdutsc 
as solutions or mixtures with centficauon to their purity, concentration, and authenucu:y. 
Jf the chemical purity iN 98 % or greater, the weight may be used without correction to 
calculate the concentrouon of the s~<m<lard Observe the safety precnuttons 111 Sc'<.1inn S 
and the recommendation m Sectton 5.1.2. 

7 .7 .1 For preparalion of stcx:k solutions from neat materials, dtssohe on appropriate 
amount of assayed reference mlliC!ial in solvent For example, we.gh I to 2 mg 
nfJ>CR 126 to three significant figures m a 10-mL ground-gl&-;s-stoppered 
volwnctric fl•sk ""d fill to the mark with nonane. After the compound is 
completely dissolved, tmnsfcr the solution to a clean 15-mL vial with 
fluoropolymer-lined cap. 

7.7.2 When not being used, store Kl11ndard solutions in the dark at room tempcrlllutc in 
screw-capped vials Wlth !luoropolymcr-lincd CIIJ>S. Place a mark on the vial at 
the level of the solution so that solvent loss by evaporal.lon can be dctc<-1cd 
Replace the solullon I r !>01 vmtluss hHS occurred. 

7.8 Nmive (unlabeled) stock solutions 

7.8 .1 Nau"e T oxicsfLO(' stock '!Oiution-Prepare to contain the nnuve To,.,cs and 
LOC CUs at the concemrouons shown in Table 3, or purchase Acx:u·Standard 
MI668A·C, Nf·LOC· WD-GCPC, or equtvalenL lhdditinnsl CRs are to be 
dete.-mincd by ii!Otopc dilution (e s, 170 and 180), inelude the oddttJonalnativc 
compounds in thts stock soluoon. 

7.8.2 Native 20? CB congener stock solutions--Solutions contauung CB congc:riL'rs In 
calibrote the SPB-octyl column 

Note: If a coltmm orher rhan the SI'JJ·octyl colum11 is 1<Ved, .wluttons that will allow separation 
of all 209 congerrers on thlll c:olumn must be pre{X11'Cd. 

7.8.2.1 Nattve congener mtx stock solutions for separation of md1vtdual 
congeners on the SPD-octyl column-Prepare tl>e live •nfutions with 
the CXlflgCilcr.< listed in Table 4 at the concentranons shown m Table 
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3 or purchase Accu-Standard M- l668A-1 , M-1668A-2, M-l668A-~. 
M-1668-4, and M-1 Ml!-5, or equi"111ent 

7.8 .2.2 Cumbined 209 congener stock solution--<:ombine equal volwne5 of 
the standards in Section 7 .8.2.1 to form a stuck solution contauung 
all C.D congeners. nus solution will be at l iS tile concentr.<tion of 
the 5 individual solutions. 

7 .8 .3 Stock solutions should be ch<"Ck<-d for signs of degradation prior to the 
preparation of calibration or perfonnance test standards. Reference stan<.lurds 
that can be used to determine the accuracy of standard solutions are available 
from several vendors. 

7.9 t..abeled compound stock solutions (Table 3) 

7 .9.1 Labeled ToxicsiLOC/window-defining stock solution Prepare in isooctane or 
nonane at the co=tratlons Ill Table 3 or purchase Cambndge Isotope 
Laboralurics (CIL) EC-4977, or eqwvalenL If additional CBs are to be 
deternuned by 1sotnpe dilution (e g., 170 and 180), mcludc t!IC additional labeled 
compounds an th1s stock solu~on. 

7.9.2 Labeled ciCIUlU(l slllndard b1ock solution-Prepare labeled CBs 28, I ll, and 178 in 
iso-octane or nonane at the cunc<'flt,.,.tion shown in Table 3 or purchase ClL F.C-
4978, or equivalent 

7.9.3 l..abeled lnJoction internal standard stock solution Prcpore laheled CRs 9, 52, 
101, 138, and 194 tn nooane or isouctliJle at the concentrations shown 10 Table 3, 
or purchase CIL EC-4979, or eqUJvalent. 

7.1 0 Calibration standards 

7.1 0.1 Calibraliun standards-Combine and dilute the solutlOns in Sections 7 .8.1 and 
7.9 to produce the calibration solutions in Table 5 or purchase en. EC-4976, or 
equivalent, for the CS-1 to CS-5 set uf calibration solutions. If a6-poull 
ealibrJttion is used, prepare the CS-0.2 solution or purchase CIL EC-4976-0.2, or 
equivalent. These solutions permit the relative response (lal~eled to native) and 
response factor to be measwcd ;,., 11 function of concentration. The CS-3 
stan !lard (CIL EC-4976-:l, or eqUJvalent) is used fi>r calib,.,.tion verification 
(VER). 

7.1 0.2 Solutions of congener 101xes 

7.10.2.1 Diluted individual solutions 

7.1 0.2.1 .1 The S individual solutions, wh<'Tl 1111alyud individually, 

2 1 
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allow resolution of all 209 conl!cners on the Si'IJ-octyl 
colwnn, llfld we used for establtshuJS retention time and 
01her daln for each congena-. The eluuoo orda- uf the 
congeners present in each of the 5 solutions (Sectton 
7.8.2.1) ;, given in Table 4. 

7.1 0.2.1.2 Indivtdunlly combine an aliquot of each indlVIduu.l mix 
stock solution (Section 7.8.2. 1) with an aliquot of the 
l <1beled ToxicsfLOC/v,indow-defining stock solution 
(Section 7. 9.1 ), the I..abclcd cleanup standard stock 
snlution (Section 7.9.2), Md the I..abclcd injection 
intemnl standard stock solution (7.9.3) to produce 
concentrauons of 100 nglml . for the labeled compounds 
and 25, 50, and 75 ng/mL for the MuCR-TrCB, TeCO
HpCB, w1c.l O<eoCR-DeCB congeners, respectively , 1.1.' 

shown 111 T nble 3. 

7.10.2.2 Dtluted comhined 2()C) congener solution 

7.10.2.2.1 This solution cornb10es the 5 u~tlividual mixes with the 
labeled compounds to allow single-point calibration of 
the conl!cnc'" not included in the multi-pomt cnlibration, 
and estnbhshcs an average response factor for the co
eluting isomeric congeners. 

7.1 0.2.2.2 Cornb~nc "" llliqoot of the combined 209 congena" 
solution (Seaton 7.8.2.2) with an aliquot of the Labeled 
Toxics/LOC/window-defintng stock solution (Section 
7.9. 1), the Ll!helcd cleanup standard stock solutton 
(Section 7.9.2), and the Labcl~o-d injection internal 
standard stock solution (7.9.3) to produce the S>Ulle 
cunccntrHiions as in the diluted individiUII nux soluuon~ 
(Secllon 7.10.2.1.2 and Table 3) 

7.11 Nattve ToXJcsiLOC SUmdHrd ''Piking solution-Used for detern>ultng lllitial prccisinn 
and recovery (II'R; Section 9.2) and ongomg prtX:isiun and recovery (OPR; Sectton 
15.5). Dilute the Native Toxic.s!LOC stock solutton (Section 7.8 I) with acetone to 
produce a concentrotton of the Tuxic~ ttl I nsfmL, as shown in Table 3. When 1 rnl. nf 
this solution spiked into the li'R (Sectton 9.2.1) or OPR (Section I 5 5) and concentrated 
to a final vulumc of20 vL. the concenlr.ltton m the final volwnc will be 50 nsfmL (50 
pg/pL). Prepare only the amount necessary for each reference mntnX With each SHmple 
h!llch 

7.12 Labeled Toxics!LOC/wmdow-dclini nl! standard spiking solution-ThJs solution is 
spiked into each sample (Section 9.3) and 11110 the TPR (Section Q 2.1), OPR (Section 
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15.5), and blank (Section 9.5) to measure recovery Dilute the Labeled 'loXJcsiLOC/ 
window-defining stock soluuon (Sectoon 7.9.1) with acetone to produce a concentration 
nfthe labeled compounds at 2 ng/mL, as shown in Table 3. When 1 mL ufthis solution 
os spoked mto oo lPR, OPR, blank, nr sample and concentrated to a final extract volume 
of 20 ...,L, the concentration Ill the fonal exiJ'act volume will be I 00 nglmL ( I 00 pg/p L). 
Prepare only the amount necesSIIry for each reference matrix with ench sample ho<lch 

7.13 Labeled cleanup stancU!rd spiklll& solution - This :;olut.ion is spiked into each extract 
prior to cleanup to measure the efficiency of the cleanup process. Dilute the l.abeled 
ciCilnup sl.>indard stock sohrtion (Section 7 .9.2) in methylene cWonde to produce" 
concentration of the cleanup standards 1112 nglmT, as sho"'n in Table 3. When I mL of 
this solution is spiked into a sample extract and concenltlltcd to a final vulume of20 ,,L, 
the concentrntion in the final volume will be 100 ng/ml (100 pg/I'L). 

7.14 Labeled injection onternal standard spoking sulutio~ This solution is added to each 
concentrated extract prior to inJectiOn into the HRGCJHRMS. Dilute the Labeled 
UlJeeloon internal stam.lard lll.uck •nlutinn (Section 7.9.3) in nonane to produce a 
concentration of the olljectoon ullcrnlll standard.q 81 I 000 ng/ml ., as shown in Table 3. 
When 2 11L of this solution is spiked into a 20 11L extract, the conccnu-atinn nf each 
io~ection intcmw sl>tndar<l will be nominally 100 ng/mL (100 pg/11L). 

Note: nzc addition of] J.<L of the l.ahefeJ injection int~rnal standard spiking solution 10 a ]0 
11L final extract has the effect of dilllllllf( the concentration of the componenLv in the e.rtract by 
10%. Provided all calibration .wlutiom and all extracts undergo this dilution as a result of 
addillll. IM Labeled injection intcnNJI standal'd .<piking solution, the effect of the 10% solution Is 
compensated. and co"ection.for this dilution should not be made. 

7.15 QC Check Sample-A QC Check Sample should be obtamed from a oourcc omlo,:pcnclent 
of the calibration slandards Ideally, this check sample would be a cerufoed Standard 
Reference Matenol (SRM) conwnons tl>e CBs in known concentrations in a sample 
matrix similar to the matnx under test. The NaLJonollnstitute of Standards and 
TechnolOJ,'Y (NlST) in Gaithersburg, Maryland has SRMs for severlll indo vodual CB 
congeners, and as Aroclors in transfunnL,. Md motor oil, in combination with pesticides 
in cod liver oil, and in oombonauon Wlth 2,3,7,8-TCDD in human scoum 

7.16 Stability of solutions- Standard ~«•lutions used for quantitative purposes (Sections 7.9 
through 7.14) should be assayed pco iodically (e.g., every 6 months) against SRMs from 
NlST (if available), or cenified reference materools from a source that willlll.tcst In the 
autlocnticity """ concen!nltion , to assure that the composition and conoentrllloons have 
not chooged. 
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8.0 Sample collection, preservation, storage, and holding times 

8.1 Collect Slll11ples in amber glass contwners following conventional sampling pracuoes 
(Reference 13). 

8.2 Aquoous samples 

8 .2.1 Sample• tlmt. now freely are collected as grab sampl~ ur in refrigerated bottles 
using automatiC S:llllplmg equipment 

8.2.2 If residual chlorine is present, add 80 mll, sodium thin•ulfate per liter of water. 
EPA Methods 330 4 and 330 S may be used to measure res1dual chi urine 
(Reference 14). 

8.2.3 Adjust SIUT1plc pH 2-1 wnh sulfuric acid 

8.2.4 Maintain aqueous S:llllples 111 tl1c dHrk at 0-4 "C from the time of collectJon until 
receipt at the laboratory. Store in the dark 01 0-4 ' C 

8.3 Solid samples 

8.3.4 Solid samples are collected as ll,rab samples using wide-mouth jars 

8.3.4 Maintain soltd, scmi-~nlid, oily. and mixed-phase samples in the datk at <4 •c 
from the time of collection unttl receipt lit the laboratory Store solid, semi
solid, uily, and mixed-phase samples in the dark a! <-I 0 •c. 

8.4 Fish and other ussue samples 

8 .4.1 Fish may be cleaned, filleted, or processed in other ways in tltc field. l<tteh that 
the labora!ory may expect tn receive whole fish, fish fillets, or other ussues for 
analysis. 

8.4.2 Fish collected in the field should be wrapped in aluminum fo1l, w1d must be 
maintained at o temperature less th!in 4 •c !Tom the time of collection unt1l 
receipt at the laboratory. Ideally, fish should be Ji·o.wn upnn cnlle<,1ion and 
shipped to the labt>rtttnry under dry ice. 

8.4.3 Tissue samples must be fro2.en upon receipt at the laboratory and maintained in 
the dark at <-10 •c until prepared. Maintain unused sample in the dark at <-10 
·c. 

8 .5 Holding umes 

8.5.1 There are no demonstrated m100mum holding times associated wtth the CUs m 
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aqueous, solid, sem1-sohd, !Issues, or other sample matrices. Lf stored 1n the dark 
81 0-4 •c; HTld preserved as given alxr;e (tf required), aqueous samples may be 
stored for up to one yC!It Similarly, if stored in the dark 81 <-1 0 •C, solid, semi
solid, multi-phase, and ttssue samples may be stored for up to one year. 

8 .5 .2 Store sample extracts in the dark at <-10 •c wttil aualyred If stored in the dark 
at <-I 0 •c, sample extract• may be stored for up to one yew·. 

9.0 Quality assurance/quality control 

9.1 Each laboratory that uses thts Method is required to operate a formal quality assurar1c" 
program (Reference 15). The mintmum requtremcnts of this program consist of an tnlllol 
dernonstnUioo uf labordlory capability, analysis of samples spikoo with labeled 
compounds to evolUSle and ckx:um~'flt data qualiry, and analySJs of SIW:ldords and hiHnks 
as tests of continued performance. Labor8lory JX!rformHnce is compared to established 
pcrf<mnance aiteria to determine if the results of analyses meet the perfcmnance 
charactensttcs of the Mctltod 

If the Mcthud is to be applied to sample matnx other than water (c I! , sui ls, filter cake, 
compost, tissue) the most app10poi~tc alternate reference matrix (Secttons 7.6.2 - 7.6.5 
and 7 15) is substituted for the reagent water matrix (Section 7 6.1) in all performance 
tests. 

9.1 .1 The laboratory must rnakc wo initial demonstration of the ability to generate 
acceptable precision and recovery w1th this Method This demonsrrmion is 
given in Se<:tion 9 2 

9.1.2 In recognition of advances tlt81 arc occWTing in analytical technology, and to 
overcome matrix interferences, the laboratory is pcrmiuoo ca1Hin options to 
unprove scpar-alions ur low..- the costs of measurements. These OptiOIIS oncludc 
alternate extmCilon, concent.rouoot, and cleanup procedures, and changes in 
columns and delectors. Alternate determu181Jve techniques, such as the 
substitution of spectroscopic or immuno-assay techruques, and chanscs that 
degrade Method perlbrmoncc, ar·c nnt allowed If an analytical techntque other 
than the techniques specified 111 tltos Method is usod, th>d technique must have a 
speeilicity cqwd l.o or greater than the specificity of the techniques in this 
Method for the onlllytes of interest. 

9.1.2.1 E&:h time a modification is made to tlus Method, the lahur>llnry is 
required to tepe!ll the procedure in Section 9.2. lfthe detectiOn limit 
of the Method wtll be affected by the ch""l!"- the laboratory is 
required tu demonstrate that the MDLs (40 CFR POtt 136, Appendix 
U) are lower than ono-third the regulatory compliance level or one
third the EMDLs in this Method, whichcva- arc !!""'~Cf If 
caltbrouon will be affeo::ted by the change, the instrument must be 
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recalibroted per Section I 0 

The labor<~tory is required to mainwin records of modifications made 
to this ML1hud These records include the following, at a minimwu: 

9.1.2.2.1 The names, utles, addresses, and telephone numbers uf 
the analySI(s) that perl'ormcd the analyses and 
mochficatinn, and of the quality control office< that 
witnessed and will verify the analyses and 
modifications. 

9.1 .2.2.2 A !'"tint.~ of pollutant(s) measured, by name and CAS 
Registry number. 

9.1 .2.2.3 A narrattve staring reason(s) for the modifications. 

9.1 .2.2.• Results from all quality control (QC) tests companng 
the modified mtthod to tlus Method, mcluding-

a) Cahbrlllton (S<X:tion 1 0) 
b) Calibration verificauon (Section 15.3). 
c) Tnitinl precision and recovery (Section 9.2). 
d) Lllbelcd curnpnund recovery (Section 9.3). 
e) Analysis of blanks (Sectton 9.5) 
f) Accuracy assessment (Seetton 9.4). 

9.1.2.2.5 Data thai will allow an mdepcndcnt reviewer to validate 
each detennination by tracmg the Instrument output 
(pe4k hetght, area, or other sig~~al) to the final result. 
These data are to include: 

n) Surnple numbers and other identifiers. 
b) l.!xtract10n dlllcs. 
c) Analysis dates and tunes. 
d) Analysis sequence/run chronology. 
e) Sample we1ght or vuiWTIC (Section II). 
f) F..xtn!Gt volume pnor to ench cleanup step 

(Section 13) 
g) Extroct volume Hiler each cleanup step (Secl!on 

13). 
h) Final extract volume prior to inJectiOn (Scctiun 

14). 
i) Injection volume (See110n 14.3). 
j) Dilution dara, differentiating between dilutton 

of a sample or extract (Section 17 5) 



9.1.2 .3 

M~thod /668, Revision A 

lc) lnSITIJment and operating condtuons. 
I) Column (dimensions, tiquid phase, sohd 

support, film thtckness, etc) 
m) Operating conditions (tempenuurcs, tcmp<.'nilure 

prosram, flow rates) 
n) Detector (type, operntmg conditions, c.:tc). 
n) Chromatograms, printer Utpes, nnd other 

recordings of raw data. 
p) Quantitation reports, data system nutput•, and 

other data to link the raw data to the results 
reportG-d. 

AllcrTU~te HRGC columns and column syste~See Sccuons 6 9.1 
u·" column or column ')'stern alternate to those specified ln thrs 
Method IS u~, thai column or colwnn system must meet the 
requirements in Secnon 6.9.1 - 6.9.1.1.3. 

9.1.3 Analyses of method blnnks are requtred to dcmonstrMic freedom from 
contamination (Section 4 .3). The procedures and cntena for analysts of a 
method blank arc described in Sections 9.5 and 15.6. 

9.1.4 The laboratory must sptke al l san1ples wtth labeled compounds Ln rnonitur 
Method performance This test is described in Section 9.J. When rcsuiL~ or 
these spikes mdicme atypical Mclhnd performance for samples, the samples are 
diluted to bring Method performance withm accepUtble Jimtts. Pruccdurcs fi>r 
dilution Hre b~ven in Section 17.5. 

9.1.5 The laboratory must, on on ongouJ8 basis, demonstrate thruu!!h calibration 
verification and the analysis of the ongotng preciSion and recovery stanwrrd 
(OPR) and blanks thllt the !llllllytical system is in control. These procedures are 
g;,·en in Sect•ons I 5.1 through I 5.6. 

9.1.6 The hii>Orat.ory should mainrain records to define the quality of daUt generllled. 
Development of accuracy statcmL"nts is described in Section 9.4 . 

9.2 lnitilil precision and recovery (TPR)-To esrablish the ability to generate ooccptablc 
precision and recovery, the lllh11rHLory must perform the following operBtions. 

9.2.1 For low solids (aqueous) samples, extract, concentralc, and unaly>.c four t-L 
aliquoL• of rCHgcnt Willer spiked with I mL eaeh of the Nattve ToJOcsiLOC 
spikrng solutton (Scclton 7. 11 ), the Laheled Toxics/LOCiwindow-<leftning 
standard spiking solurion (Secnon 7 .12), and the Labeled ciC8llup standard 
sptktng soluuon (Sccuon 7 .13), IICC(lrding to the procedures in Sect tons II 
through 18. For an alternative sample matnx, four oliquots of the altcm~~tive 
reference mlllrix (Socl•on 7 6) are u~. All sample process•ns st~ that are to 

27 



Method /668. RewstonA 

28 

be used for prooessmg samples, including preparation (Section II), extroruon 
(Section 12}, and cleru~up (Secuon 13), must be included in this test. 

9 .2.2 Usu1g results of the sol nf four analyses, compute the averase percent rccc>v<:ry 
(X) of the extracts Md the rei au vc stanillud deviation (RSD) of the concentration 
for each compound, by isotope dilution for CBs with a lahclod analog. and by 
internal stllndHJ"d for CAs without a labeled analog and for the labeled 
compounds. 

9.2.3 For each CB and labeled compound, compare RSD and X with ~rc 
correspoodmg lrmits fi>r initial precision and recovery in Table 6. If KSD and X 
for all compounds meet the occeptrutcc c'1'iteria, ~')'stem performance is 
acc:eplable and analysis of blanlr.s and samples may begm. If, however, rtny 
mdtVldual RSD exceed\ the precision limit or any individual X falls ouiSrde the 
range for recovery, system performance is unacceptable for that compound. 
Correct the problem and repeat the test (Section 9.2). 

9 .3 To assess Method performrutcc on Ore !Wlrple matrix, the laboratory must spike all 
samples \vith the Labeled Toxacs/LOC/wmdow-delining standrud :;piking soltrtion 
(Section 7.1 2) and ~til S>tmple extracts with the Labeled cleanup strutdard sprkmg solution 
(Section 7.13). 

9.3.1 Analyze each sample according to the procedures 111 Sections I I thruugh I R 

9.3 .2 Compute the percent recovery oi' 01c lalx:lod Toxics/T.OC/window-defining 
congeners and the labeled cleanup congeners using the intL-mal standard method 
(SCC!ion 17 2) 

9.3.3 The recovery of each labeled compound must be within the limits in Table 6. If 
the recovery of any oompound falls outsade of these hmtts, Method pc-rfi>rrnance 
is tJlUICU.-plHhlc fi>r thlll compound in that sample. Additional cleru~up 
proc<ldures must then be employed to attempt to bring the recovery within the 
normal range. If the recovery cannOt be brought wathm tl1e normal rrutgc tdk-r •II 
clcaoup procedures have been employed, waier samples are daluted and smaller 
amounts of sorls, sludges, scd rrncnLq, and nther matrices are analyzed per Section 
18 

9.4 It is suggested but not rcqurr-cd llr8t recovery of labeled compounds from samples be 
assessed and records mruntruned. 

9.4.1 After the astalysi• of 30 !UIJnples of a given matrix type (water, sorl, sludp,e, pulp, 
etc.) for which the labeled oompounds pass the tests in Se<:tion 9 1, compute the 
av~c percent recovery (R) and the standard deY! alton of the perocnt rccuvL't)' 
(S.) for the labeled corn pounds only Express the assessment as a percent 
recovery interval from R - 2S,. to R T 2S• for each maltix. For example, if R 5 
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90"/o and S. = 10% for live analyses of pulp, the re..'<M!ry interval is expressed 
a.• 70 to 110%. 

9.4 .2 Update the ll<:curacy assessment for each labeled compound in each mlllrix on a 
regular basis (e.g., aller CHch live to ten new measw·cmcnts) 

9 .5 Method blanks-A reference matrix Method blank is analyzed with each sample batch 
(Section 4.3) to demonstrlllc rreedom from contanunation. The matrix for the Method 
blank rn ust be similar to the sample mall ix fur the batch. e.g., a 1-L reagent wutcr blank 
(Sectoon 7.6.1 ), high-solids reference matnx blank (Section 7.6.2), paper matrix blank 
(Section 7.6.3); tissue blank (Sc<:tion 7 6 4), or altern31ive 1Cii:rcnce matrix blank 
(Sc<.1ion 7 6 5). 

9.5.1 Sp1ke 1.0 mL each of the Labeled 'J'oXJcsiLOC/window-defming standard 
spikmg solution (Section 7 12), and the Labeled cleanup standard spiking 
><olution (Section 7.13) mto the M~1hnd blank, according to d1e pmccdurcs in 
Sections 11 through 18. Prepare, extract, clean up, and concentrate the Method 
blank. Analyze the blank immediately after analySis uftbe OPR (Section 15.5) 
tn demonstrate freedom from conuuninarion 

9.5.2 If any CB (Tuhlc I) is found in the blank 31 greater thxn the minimum level 
(Table 2) or one-third the regulatory compliance hmit, whichever is greater; or if 
any potentially interfenng compound ix fnund in the blank at the minimum level 
for each CB given in Table 2 (assummg a response fiiCtor of I relative to the 
quantitalloo referc11ce in Table 2 at that level of chlonnation fi>r a polentially 
interfering compound; 1.e., a comJK>und not listed in th1s Method), an..tysis of 
samples must be halted until the sample batch is re-extracted and the emacts I'C
analyzed, and the blank associated with the sample batch shows no evidence of 
contamination at these levels. All sumples must be associated With 1111 
unconlaminatcd Mc1hod blank before the results for th<J5e samples may be 
reponed or used for pennitting or regulatory compliance purpo-

9.6 QC Cheek SHillple-Analyze the QC Check Sample (Section 7.15) period1cnlly l<) a''""" 
the accuracy of calibullion Slandards and the overall rcli..t>ility of the analytic:U process. 
It is suggested that the QC Check SlllTlple be analyzed at least qu011crly. 

9.7 The specifications contained in this Method can be met if the apparatus used IS callbratcxl 
properly Md then mrunta111ed in a calibrated state. The stw1dwds used for calibration 
(Section 10), calibration venficat1011 (Section 15 3), and for initial (Section 9.2) and 
ongoing (Section 15 5) precision and recovery should he identical, so that the most 
precise results will be obtwned. A 0<'/MS instrument w>ll provide the most 
reproducible results if dedicated to the setungs and conditions required for ~--termination 
of CDs by tlus Method. 
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9 .8 Oepending on spectfic program requirements, field rephcales may he collected ro 
determine the precision of the samplmgtcchnique, and spiked samples may he required 
to detenninc the accuracy of the analysts when the internal standard method is uscc.l 

10.0 Calibration 

30 

10.1 Establish the operating conditions neoessruy to meet the retention times (RTs) ond 
relative retention times (RRTs) fur the Cas in Table 2. 

1 0.1 .1 Suggested GC operating condtttOtlS. 

Injector tempenllure. 
Interface temperature: 
TnitiHI temperature: 
Initial t1111e. 
Temperature program: 

Final ume 

210 ·c 
290 ·c 
75 ·c 
2 minutes 
75-150 "C@ 15 "C/minute 
150-290 •c @ 2 .5 "Clminutc 
I minute 

Note: A IIJK.irliOIIS of the coltmm rltat co/mccrrhot ( ;<: '" the ton source should remain or or 
abow: the interface tempMrolure specified abow during ana~y.~i.•t" prec:lude condensation of less 
>vfati/e compounds. 

The GC condtuons may be upllmi7.ed for compound separanon and sensitivity 
Once optimized, the same OC condttions must be used for the analysts of all 
stlllldards, hhmh, ll'R and OPR standards, and swnplc• 

1 0 .1.2 Retention time calibratiOn lor the CR congeners 

10.1.2.1 Separately inject each of the diluted individual congener solutions 
(Section 7 .I 0 2 I 2) Establish the begJnntng and ending retention 
times for the scan dCj!Cnptnrx in Table 7 Scan descnptors ot!K.'T 

than those listed in Table 7 may be usctl pmvided the MLs m Table 
2 are met. Sture the retention time (RT) and relattvc rctcnt.inn time 
(RRT) for each congener in tl1e dala system. 

10.1.2.2 TI1c absolute retention time ofCB 209 must exceed SS minutes on 
the SPB-octyl column, otherwise, the GC temper01urc program must 
be adjusted and th.os test rqlC8led until the minimum retenlt0<1 tunc 
critcrirm is met If a GC column or column sy!I!Lm alternate to the 
SI'O-octyl colwnn ts w•cd, a similar minimum retention time 
specification must be established for the allemate column or column 
systems so that interrcrences that may be encountered in 
environmen.tal samples will be resolved from the analyres of •merest. 
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T!us spec1fica!Jon 1S deemed to be met if the retenuon ume of CB 
209 is greater than 55 nunutes on such •ltcmHle column 

10.1 .2.3 ltlJCCtthc Do luted cnmhined 209 congener solution (Section 7.10.2.2 
and Table 5). Adjust the chromatographic conditions and sean 
dcscoiptnrs until the RT and RRT for all congeners arc w1~1in the 
w1ndows in Tahlc 2 Md the oolumn performance spec1ficat1ons u1 
Sections 6.9.1 • 6.9.1.2 are met. If an ttltc-ntllle C(>lumn is used, 
.Wju.<t the condi tions for that column. If column pertounancc i• 
wtacccptablc, nptimi7.e the analysis conditions or replace the colwnn 
and repeat the perfonnance tests. C(mfirm thai the sean deseriptor 
ch..,ges a! times when CBs do not elute. 

10.1.2 .4 After the column performance tcstSHre pHSSed (Sec11on tO 1.2.2 · 
I 0 1.2 J), store the RT and RRT for the re30lvcd ~cncn and the 
RT IU>d RRT for the isomeric congeners that co~lute. 

10.2 Mass spectrometer (MS) resoluuon 

1 0 .2.1 Using PFK (nr other reference substance) and a molecular leak, tunc the 
instrument to meet the mulullum required reS<.tlving power of I 0,000 ( I 0'/o 
vall ey) at m/z 330.9792 or any other signifu;ant PFK n·ogmcnl iu the r•ngc nf 
300 to 350. Fnr c.ch dcs<:riptor (Table 7), monitor and record the resolution and 
exact m/z's of three to ftve reterence peaks eovt:ring the mm;~ range of the 
descriptor The level of PFK (or other reference substance) mctcfcd into the 
HRMS during llll!llyses should be adjusted so that the amplitude of the most 
intense selected lock-moss rnh s1gnal (regardless of the descriptor number) does 
not ex~ 10"1. of the full-seale deflection for a swen set of dclcctnr 
parameters. Under those conditions, sensitivity changes that m1ght occur during 
the analysis can be more efl'ectlvely monitored. 

Note: f)ijforentloL< and types of J'FK can C'Ontalll varylnfl. lewis of comamination, and 
excessive PFK (or other reforenc-e suil.vtunoe) may cause no1se problems and coli/am/nation of 
the ton source necessitating IIICNascdfrequcllcy of.Murce clwning 

1 0.2.2 The analysis time tor CB~ may cxeCL'l the long-term mass stability of the mass 
spectrometer. Because the instrument is operated in the high-r~olution mode, 
mass drills uf" few ppm (e g . 5 ppm in mass) can have ser1ous advcfse ciTcct• 
on instrument performllllcc. Thcrcfc~re, mass-drift correction is mandatoty and o 
lock-mass m/z from perfluorokerosene (PFK) or other rcfcn:ncc soh '<lance is 
used for drtft correction. Tite lndc-mao;s m/7. is dependent on the e>u~et mlrs 
monitored within each descnptor, as shown in Table 7. The de' iHJion between 
the exact rnh ""d the theoretical mlz (Table 7) for each exact mlz rnomtored 
must be less than S ppm. 
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1 0 .2.3 Obtam a selected 100 curTent profile (SIC!') at the two Cl<BI.:l mlts ~fled in 
Table 7 and at >I 0,000 resolvong power at each LOC for the nntJve congcn<."" 
and congener groups and for the labeled congeners. Because of the extensive 
mass range oovc1C<I in each function, it may not be possible In maintain I 0,000 
resolution throughout the mass 1 angc during the function. Therefore, 1 csulutinn 
must be >8,000 throughout the mass range and mu'1 be :·I 0,000 in the center of 
the mass rouge lin· e>och function. 

1 0.2.4 If the HRMS has the capability to monitor resolution during the analySIS, 111s 
acceptable to tc'ITTlinate the analysis when the resolution falls hdow the 
minimum (Sectoon 10.2.1.3) to save r..~analysis time. 

10.3 lon abundance ratins, minimum levels, and signal-to-noose ralio>. Choose an injection 
volume of either I or 2 111., cons1SIL'Ill with the capability of the HR<.iO'HRMS 
in~1rument Inject a I or 2 ,.L.. lll1quot of the CS-1 calibration solution ( !'able 5) usong the 
GC conditions in Section I 0 I I 

1 0.3.1 Measure the SIC!' Clfeas for each congener or congener group, and compute the 
ion abundance ratios at the exact m/z's specified in T al>le 7 C'.ompare the 
computed 1atin tn the theoretical ratio given in Table 8. 

1 0 .3.1 .1 The exact m/z's to be monitored in cm:h descriptor arc shown in 
Table 7. Bach group or descriptor must be mnnitored in succession 
as a funct1011 nf OC retention time to ensure that the CBs of int<.'fc<l 
are detected. Additional mh's may he monitored in each descriptor, 
and the mlts may be divided among more tlum the descriptors listed 
on Tobie 7, ,nnvided that the laboratory is able to monllOt the m/ts 
of all CUs that may elute frum the GC in a given LOC wondow. The 
laho111t0f}' must also monitor exact ml:is fo1 cungcrll:fl< at h1gher 
levels of chlonnatinn tn determine if fragmentS Wlll comprorn1se 
measurement of congeners 81IOIM!r levels of chlorination. 

10.3.1.2 ll1e mass Spcclrometer must be operated m a moss-dnn correction 
mode, usins PFK (or other reference substance) to provode lock 
m/T.'s. The lock mass for each group of mlz's is shown in Table 7. 
Each lock '""'"must be monitored and must not vnry hy rnnrc than 
+20% throushout its rc~pec1.i ve retention time window. Variations 
of lock mass by more than 20"/o ondicatc the prco;cnce {>f co-eluting 
omc.·fcr~"c'-"' that r•ise the source pressure and may sisnific.,ntly 
reduce the sensoi!VIty of the mass spectrometer. Re-injectoon of 
unother aliquot of the sample extract may not rcM>Ive the problem 
and add1t10nlll cleanup nf the extract may be requ1red to remove the 
interl'erence. A loclc mass onterfcrcnce or suppression in a retentJon 
tJme rcgoon in which CBs and labeled COmpowlds do nut clute may 
be 1gnored. 
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10.3.2 All CBs 3nd labeled compounds in the CS-1 standard must be Within 1he QC 
limrts rn Table 8 for lllClr r(.'SpC<.1ive ion abundance ratios; otherwrse, the moss 
spectrometer must be odcusted and l11is test repeated until the mlz ratios fall 
within the limils specified. lfthe adjusm1ent alters l11e r·esolutiun oflhe mass 
spectrometer, resolution m•••• he verified (Section I 0.2.1) prror to repeo.l of the 
test. 

10.3.3 Verify that the HROCIH RMS instnrment meets the estimated minrmum level• 
(EMLs) in Table 2. The peaks representing the CRs and labeled compounds rn 
the CS-1 cali brdtion standard must have signal-to-norse raliu• (SIN) .> I 0; 
otherwrse, the 1118.'-' !!p<.'Ctrometer must be adjusted o.nd llus test repcillcc.l unlil the 
minimum levels rn Tobie 2 are met. 

Note: The F.MT'Jtv and FJ,£Ls m Table 2 are based 011 the lew!ls of <~mtununattun normally 
fotmd in laboratories. Lower le .. :L< may be rrodt/y achiemble if se!Q'f!gatiOII OJtd extettm't< 
deamng of glassware is employed. if/ower lewis are achieruhle, th~.se levels must be 
established as described in Secltull/ 7. 61.4.1. 

10.4 Calibr·atiun by iwtope diltrtion-Jsotope dilution IS used for calibrttlinn of the 
Toxics/LOC CBs. TI1e reference cnmpound for each native compow1d liS labeled 
analog. as listed in Table 2. A 5- or 6-pornl calilbrtt1inn encompassing the concentration 
range is J>I'L'Pltl'ed fi>r each nalive congener. 

Who I'll. 

1 0.4.1 for the ToXJcs/LOC CBs dciL'ITilined by isotope dilution, the relruive response 
(RR) (labeled to native) vs. concentratron in ilic calibrttliun sohnions (Table 5) is 
computed over IIIC calibrtt1ion range according to the procedures dcscubed 
below. Five caltbn:won potnts arc employed for less-sensitive HRMS 
instruments (e g., VO 70); five or stx pomts may be cmpluycc.l for mor.,.sensitive 
rnsttwnents (e.g., Mtcntm..,. Autospec Ultima). 

1 0 .•. 2 The response of each Toxrcs/LOC CB rclalive to its labeled analog is determmed 
using the area responses of both the prunacy and secondary cxHCt m/'T.s specified 
in Table 7, for eooh calibration standard, as follows: 

(A I + A2.) r:t R R • _ _:•:....__.::._...:. 
(A/1 -All C. 

A 1. nnd A2" - 11~t areas of tho primury and >e<YJndary mlz's for the f'C/J. 
A 11 and A 1t = The Orr!IIJ of the primary a11d sccon<kuy m z's for the /ahe/ed compo1md. 

C1 = 1he t:t:>~~UJ~tmrlon of the labeled compOund in the wl!hrannn ttandnnf (/'nblc 5). 
c. = 'The cnnantmtion oftht 110tlve CO/IIpOIInd in the calthrahon srandtlttl ( Jnble 5). 
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1 0 .4 .3 To cabbrote the onalyuc..t !<)'stem by isotope dilutiOn, mJect callbndion standards 
CS-1 through CS-S (Secuon 7 . I 0 and Table 5) for a less sensiuve mslfUmcnt nr 
CS-0 2 through CS-5 for a more sensittve mslfUIIl<:nt Use a volume identical to 
the volumcchm• .. , in Se<.:tion 10.3, the procedure m Secuon14, and the 
conditions in Sect1on 1 0.1.1. Compute and ~tore the relative response (RR) for 
coch Nm i vc Toxics/LOC CD at each concentrotion. Corn pule the average 
(mean) RR anu the RSD of the S (or 6) RRs. 

1 0 .4.4 Linearity-If the RR for any Nallve Toxics!LOC CR is constant ( less than 20"/o 
RSD), the average RR may be used for !hot congcnet, otherwise, the complete 
cal1braiiO<l curve fur thHJ congener must be used over the cnllbrot10n ranj!c. 

10 .5 Calibratioo by internal standard-Internal standard calibndiun is applied to 
determination of the Nltive C Rs for which a labeled compoWJd IS not ovwloblc, to 
determination oftbe Labeled To . .,"""-<)('Jwindow-defining congeners and ~led 
cleanup congeners for perl'orm:1nce test.s and mtra-loboratory statistics (Secnons 9.4 and 
15.5.4), anu to dctL"TlllinHJion of the Labeled injection internal standards except for CB 

When:. 

1 78. TI1e reference compow1d for each compound is listed in Table 2. l'or the nallve 
congeners (other th:ln the NotJve Tox1cs/LOC CBs), c..tibration is performed at a single 
point using the CS-3 (VER) standard. For the labeled compounds, cJl1ihrHtion ;, 
petfnnnc<l using data from the .S (or 6) points in the calibration for the Not1vc 
Toxics/LOC CBs (SectJon l 0.4). 

1 0.5.1 Response factors--Internal standard calibration requues the dctclluin!lliun uf 
response lilctors (RF) dcfin''tl hy the following equation: 

.::(A.:..:./!...' _· .:..:.A·:..!' )_ C:..!." RF • 
(AI. • A2.)C, 

AI, and A1, - 1he arMs oft~ primary and secondary mds for the PCB. 
A I" and A1. = 1he "".as of 1~ primary mtd secondary miz's for the in/emu/ standard 

C
0 

= 'Jh2 COI!alliM iiOIJ of 1/Jf. illf,nJ(I/ standard (Table 5). 
c, = The COI!CI!/llratlon of tilt compowtd in tile mlibrotion standunl (Tublu 5). 

10.5.2 To single-concentrntion calibrate the analytical system fur nmive CRs other than 
the Native ToxicsiLOC COs by internal standard, inject the Di luted cumhined 
20? cungcncr >K>I ution (Section 7.10.2.2 and Table 3). Use a volume 1dent1colto 
the volume chosenm Secllon 10.3,thc procedure in Section 14, and the 
conditions in Sect1on I 0. l. l. 

10.5.3 Compute 1111d store the tCSJXllL'K! fHCtur (RF) for all native CBs except the Native 
Toxics/LOC CBs Use the average (mean) response of the labeled oompnond• at 
each level of chlorinJilion (LOC) a.• the quantitatioo reference, as shown m Table 
2. For the combmat1ons of 1somenc congeoeo-s thai C<H:Iutc, compute a 
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combined RF for the co-eluted group. For example, fi>r congener 122, the areas 
at the twO exact rnlz's for 104L, 105L, 114L, 123L, 118L, and 1261. are summed 
and the loud area is divided by 6 (because there are 6 congeners m the 
quantJUliJon reference) 

Not&: All labeled congeners at each LOC are used as reference to reduc-e th~ ~ffect of an 
illtt:rfertmce if a single congener Is used as rc.forenc·e. Other quantitatlon rc.fi:rences and 
procedures tooy ht: used provided thai the results prodttc..,d are as accrtrate as results prodt.tct:d 
by the quanti/arion refrrence., and procedures described In this SeclimL 

1 0.5.4 Compute and •tore the response factor (RF) for the labeled compounds, exoept 
CD 17~. !'or the Labeled Toxics/LOC'Jwindow-defimns compouml' and the 
Labeled cleanup standards, use the nc>tre'1 eluted Labeled injection mternal 
sl>lndnnliiS the quantitation reference, ns given in Table 2 The Labeled 
inJ<:>:tlon mtcmal standards are referenced to CB 178, as shown in Table 2. 

11 .0 Sample preparation 

11 .1 Sample prepw·a11un invnlves modifying the physical fom1 of the swnple so that the CBs 
can be extracted efficiently. In gcncrul, the samples must be in a liquid form or in the 
fonn of finely divided solids in order for ellicicnt cxt=1ion to take place. Table 9 lists 
the phases w1d •u~c.•ted quantities for extraction of vanous swnplc matrices 

For samples known or expected to contain lugh levels of the CBs, the smallest sample 
si.<e rcpresenbtlive of the entire sample should be used (sec Scctinn 18) For all samples, 
the blwlk w1d ll'R/OPR aliquots must be processed through the swnc steps as the sample 
to check for contammallon and losse-s in the preparation processes. 

11.1.1 Fur SIUTlples that contain panicles, percent solids and purticlc ,;7.e are determined 
usmg the procedures in Seciions II 2 and 11.3, respectively. 

11.1.2 Aqueous samples-Because CBs may be lxltmd to suspended panicles, the 
prcplUlllion of aqueous samples IS dependent on the solid~ content of the sample. 

11 .1.2.1 Aqueous sample. containing one percent solids or less are prepared 
per ~ction 11.4 and extmctcd dirC<-1.1y usinl! one of the extraction 
techniques in Section 12.2. 

11 .1.2.2 .for aqueous samples c'>nl>lining greater than one percent soluls, 11 
sample aliquot sufficient to proVIde 10 s of dry solid~ is used, as 
descnbed io Section 11 S 

11.1.3 Solid l<WTlplcs are prepared using the procedure descnbcd 111 SL-clinn 11 5 
follo .... -ed by extraction usirl!! lhc SDS procedure in Sce1ion 12.3. 
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11 .1.4 Multi-phase samples-The pha.qc(s) cuntaining the CDs is sepnrnted fmm the 
non-CB phase using pressure filtrntJon and centrifugation, as described in 
Section 11.6. TI1c CBs will be in the organic phase 111 a multi-phase sample in 
which an organic phl!Se exiSts 

11 .1.5 Procedures for grinding, homogenizatton, and bk,tding of various sample phases 
are given m Sectton 11.7 

11.1.6 Tis.we samples-Preparalton procedures for fish and other tissues are g,tven in 
Sectton 11.8. 

11.2 Oetermination of percent suspended S<)ltus. 

Note: This aliqt~olt.< 11sed for determinilll( tile solids coment of the <ample. not for 
detem1inatiOil ofCH.t. 

11.2.1 Aqucou.• liquids and multi-phase samples conststu~g or mamly an aqueous 
phase. 

11 .2 .1.1 Desiccate and weigh a GF/D filter (Section 6.5.3) to three significant 
figures 

11 .2.1.2 l'ilter 10.0 ± 0,02 mL uf well-mixed sample through the filter. 

11 .2 .1.3 Dry the filter a minimum of 12 hours a1 110:!: S C and cool in a 
desu:auor. 

11 .2 .1.4 Calculate percent soltds liS follows: 

%solid' • weight of sample aliquut u[/<r Jrymg (g) - weight o{j/lter (&! • /1)1) 

10 /(, 

11 .2.2 Non-:lqueous !Jqwds, sohds, ;cm;.,.,Jid samples, and multi-phose samples in 
wilich the main phase is not aqueous; but not tissues 

11.2.2.1 Weigh 5 It> 10 g of sample to three significant ftgures 111 n tared 
beaker. 

11 .2.2.2 Dry a minimum of 12 hours at 110 + 5 •c, and cool in" desiccator. 

11 .2 .2.3 Calculate percent sohds liS follows. 
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% soll<ls • w••ghc of sam pi~ aliquot a[/er drymg " /()() 
weight of sample allquo1 b•fol't! dryiiiJ5 

11 .3 Estuuallon of par1icle size. 

11.3 .1 Spread the dried sample from Soctiun 11 2.2.2 on a piece of fo lter pap<.-r or 
aluminum foil in a fume hood or glove hox. 

11.3.2 EStimnte the SOLe nflhe particles in the sample. lflhe ,;,..c nf the largest panocles 
is greater than I rom, the parllclc ,;,.., must be redooed to I mrn or lcs.~ prior to 
exlnK:tion using the procedures on s-oon 11 .7 

11 .4 Preparation of aqueous samples cunUiining one percent suspended solids or less 

11.4.1 Aqueous samples containing one percent suspended solids or less are prepru-ed 
usmg the procedure below and e.'<tracted using the one of the ex1r11<.1ion 
tccltniques m Sectton 12.2. 

11 .4.2 rr..,...,.tion of sample and QC ahquots. 

11 .4.2.1 Mark the origimt11cvcl of the sample on the sample boule fur 
reference. Weigh the sample plus bottle to J.1 g. 

11 .. 4.2.2 Spike I 0 mL of the Labeled ToXJcsiLOC/wmdow-<lefining standard 
spokJn8 solution (S.:..-tion 7 12) into the sample bottle. Cap the boule 
and mix the sample by careful shaking Allow the sample to 
equilibrate for I to 2 hours, with occasoonal ~haking 

11 .4.2 .3 11or each sample or swnplc hatch (to a maximum of20 samples) to 
be extracted during the same 12-huur shift, place two 1.0-L aliquots 
nf re<~gent water in clean sample bottles or na~h 

11 .4.2.4 Spoke 1.0 mL of the Labeled Toxics/LOC/wtndow-defining standard 
spiking solution (Scctton 7 .12) into both ICIIS<.'Ilt water aliquots. 
One uf these aliquots will serve as the Me1hod blank. 

11 .4.2 .5 Spike 1.0 mL of the Native Toxics/LOC sllmdard spiking solution 
(~ection 7.11) into the remaining reogent wat~T aliquot This aliquot 
woll serve as the OPR (~on 15.5). 

11.4.2.6 For extraction usong SPE, add 5 mL uf m~1hanol to the sample and 
QC aliquoL•. <'"'!'and shake the sample and QC aloquots to mix 
thoroughly, and proceed to Section 12 2 fur e><traction. 

11 .5 Preparation of SllJllples containing 19·CHtcr than one percent solids. 
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11 .5 .1 Weigh a well-mixed aliquot of e;~eh sample (of the same matrix type) sullictetll 
to provide 10 g of dry solids (based on the solids detennmation in Section 11 .2) 
into a clean beaker or glass Jllt. 

11 .5.2 Spike 1.0 mL of the l .abeled ToxicsiLOC/wmdow-dclining standard spiking 
solution (Section 7.12) toto the smnple 

11.6.3 For each sample or sample batch (ton maximum of 20 samples) to be extracted 
durin!! the same 12 hour shift, wetgh two 10-g aliquot;. of the appropriate 
reference matmc (Section 7 .6) into clean beakers or gi3Ss JlltS. 

11 .6 .4 Spike 1 0 mi. of the Labeled ToXJcsiLOCiwmdow-dclining standard spiking 
soluuon (Scotton 7.12) into both reference matrix aliquots. Spike 1.0 rnL ufthe 
Native Toxics/LOC standard sptking solution (Section 7. 11) into one reference 
matTix aliquot. This aliquot Wtll serve ns the OPR (Section 15.5). The other 
a!Jquot will >cTvc as the Method blank. 

11 .5 .5 Stir or tumble and equilibrate tltc altquots for I to 2 hours 

11.6 .6 Decant cxcc.s W>tter If necessary to remove water, filter tllc sample throu!!h • 
glass-fiber fi Iter and d tscard the 114uL"u.' liquid 

11 .6 .7 If particles > I mm are present in the sample (as detenntncd in SeL1ion II J 2), 
spread the sample on clean aluminum foil in a hood. After the sanJple ts dry, 
grind to reduoe the pllttlcle sue (Section II 7) 

11 .5.8 Extract the sample and QC aliquots usmg the SDS proocdurc in SCL-tiun 12 J 

11 .8 Multi-phase samples. 

11 .6.1 Using the pcrc<:nt solids determined in Section 11.2. 1 or 11.2.2, determine tltc 
Yolume of sample that will pnmdc I 0 g of solids, up to I L of sample. 

11 .6.2 Spike I 0 mL of the Labeled Toxtcs/UX:Iwmdow-dclimng !llandard bl'ikin!! 
solution (Section 7 12) into the amount of sample detennmed tn Section 11 .6 I . 
and mto the OPR and blank. Spike I 0 m L of the Native Toxics/LOC stnndord 
spiking sohrtion (Section 7.11) mto the OPR. Pl'cssuJ'C filter the sample, blank, 
and OPR through Whatman GF/D glass-fiber filter paper (Section 6.5.3) If 
necessary to SCpllt&tc the pha'<Cs 1111dlor settle the solids, centrifuge these altquots 
prior to filtrauon. 

11 .8.3 Discard any aqueous phase (if pccS<:nt). Remove any non-aqueous liquid present 
and reserve the maximum arnOUtlt filtered Ji·om tl1c Slllllfll<: (Section 11 .6 I) or I 0 
g, whichever i• less, fnr combination with the solid phase (SectiOn 12.3.5). 
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11.6.4 lfpartides> l mm are present in the sample(~ determined in Section 11.3.2) 
and the sample os capable of being dried, spread the sample and QC aliquots on 
clean aluminum fool on o hood. Observe the precaution in Secuon 4.8. 

11.6.5 Aller iloc ali4uot• Hre dry or if the sample cannot be do ic'll, reduce the particle 
size using the procodurcs in Sct1ion 11.7 and extract the reducod-so£C particles 
using the SDS procedure 111 Section 12.3. If particles :. l mm are not present, 
exuactlhc p!ll'ticles and filter in the sample and QC ali4uuts dir~>Ctly using the 
SDS procedure on .Soctoon 12.3. 

11.7 Sample grinding, homogenization, or blendong-Samples with particle si1es greater than 
I mm (as determine'<! in S.:<:tion II l 2) are subjected to gnndmg. homog<:ni731ion, or 
blending. The method of reducong particle si7.e to less than l mm is m:unx-depcnd<:nt. In 
general, hard particles can be reduced by grondmg with a mortar and pesde Softer 
parucles can be reduced by grinding in a Wiley mill or meal grinder, by hnmogeni7..a~ion, 
or in a blender. 

11.7 .1 Each siT.e-reducing preparation procedure on each nu.wix must be venfied by 
running the tests on Sect inn 9.2 before the procedure is employed routinely . 

11 .7 .2 The grinding, homogenozatJon, or blending procedures must be canied out on a 
glove hnx or fume hood to prevent particles from cont.arnonaling the work 
envtfonment. 

11 .7 .3 Grinding-Certain p:~pers and pulps, slunic'S, tond amorphous solids can be 
ground in a Wil<:y mill or heavy duty meat grinder. 1n some cases, R'tluc-ing the 
temper3ture of the Slllllplc to freezing, .. to dry ice or liquid nitrogen 
temperatures can aid in the gnndmg process. Grind the sample aliquOis from 
Secllons 11.5.7 ur II 6 Sin a clean grinder. Do not allow the sample tempera
ture to exceed SO •c. Grond the blank Hnd reference matrix aliquots usong o 
clean grinder. 

11 .7 .4 Homogeni£Stiun or blending- Particles that :lre not ground ellectovc1y, or 
particles greater than I mm 111 So«C allcr b'1inding, can often be reduced 111 soze by 
high 'l""'d homogenization or blending. Homogeni.a: andluo· blend the particles 
or ftlter ti·om Sectiunx II S 7 or I 1.6.5 for the sample, blnnk, and OPR tlii<lunts 

11.7.6 Extract the aliquots using the Sl)S procedure on Section 12.3 

11.8 Fish and other ussues Proor to pruccssing tissue samples, the laboratory must dcte<minc 
the exact tissue to be :lrlalyz.ed Common requests for analysis of fish tissue onclude 
whole fish-skin on, whole fish-skin removed, edible fish fillets (filleted in the field or by 
the laboratory), specofic organs, and other portinns Once the appropriate tossue has been 
dctcnnined, the sample must be homogeruzed. 
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11 .8 .1 Homogenization 

11.8.1.1 Samples are homogenL<Cd while still frozen, wh~'l'e prn~1ical. If the 
laborato<y must dissect the whole fish to obtain the appropriate 
tissue for analy•is. the unused tissues may he rapidly refrozen and 
stored in a clean glass JBI fur subsequent use. 

11.8.1 .2 Each rumlysis requires I 0 g of tissue ( w<.1 weight). Theretbre, the 
labora1ory should homogenize at least 20 g of tissue to allow for re
extraction of a second ahqunt of the same homogeou.cd sample, if 
re·analy•os is required. When whole fish ~~r~alysis is necessary, tl1e 
entire llsh 1S homogeni zed. 

11 .8.1.3 Homugcnire the sample m a IJSSuC homogenizer (Secuon 6.3.3) or 
gnod m a mcllt grinder (Section 6.3.4). Cut tissue too large to feed 
into the gronder mto smalk-r pieces. To assure homogeneity, ~'Tind 
three times. 

11.8.1.4 Transfer approximately 10 g (wet weight) of bomogcni7.ed tissue to 
a clean, tared, 400- to SOO.mL beaker 

11 .8.1.5 Tronsfi::o· the remaining homogenized tissue I<J a clean jar with a 
fluoropolymer-ltned lid Seal the jar and store the t1ssuc at <-10 ·c 
Return any tissue that was not homogcni7.ed to its original container 
and ston: ld <-10 ' C 

11 .8.2 QC aliqunts 

11.8.2.1 Preperc a Method blank by adding approxunatcly 1-2 g of the oily 
liqwd reference matrix (Section 7.6.4) to a 400- to SOO.rnL beaker 

11 .8 .2.2 Pr<.1mre a precision and recovery aliquot hy adding 1-2 g of the oily 
hquid refe-rence matrix (Section 7.6.4) to a separalc 400- to 500-mL 
beaker. Record the wetght to the ncarest I 0 mg. If the mma.l 
preci~ion 1\nd recovery test ts to be pc formed. use four aliquots; af 
the ongoins pre-cision and recovery test IS to be pe11imncd, use a 
single aliquot. 

11.8.3 Sptlang 

11 .8 .3.1 Spike 1.0 mL of the Lobclcd Tnxic.Vl.OC/window-defrnuJ& stondwJ 
spikint~ whrtion (Section 7.12) into the sample, blank , and OPR 
aliquot. 



Method 16611, RevtsiOIJ A 

11.8 .3.2 Spike 1.0 mL <lf the Native Toxics/LOC Slandard •piking solution 
(Section 7 . II) into the OPR aliquot 

11 .8.4 Extract the ahquots usins tJ1c proeedures in Section 12.4. 

12.0 Extraction and concentration 

12.1 Extract1on procedures mcludc solid ph!tse (Section 12.2.1), scparatory funnel (Section 
12 2 2). and continuous liquidlliqu1d (Section 12 2 3) for aqueous liqu1ds; Soxhlet!DCI<Il
Stark (Section 12 3) for solids and fdters, and Soxhlct extrw.:tion (Section 12.4) for 
tissues. Ac1d/base back-extuwtiun (Section t2.5) is used for uutial clcanuJ> uf extracts 

Macro-concentration procedures include rotary evaporalion (Section 12 t;. J), heating 
mantle (Sectton 12.6.2), and Kudcma-Oanish (K-0) evaporation (Secuon 12.6 3) 
Micr(K)()ncentration uses rutrogen blowduwn (Section 12.7). 

12.2 Extroct1011 of aqueous liquids 

12.2.1 SPE of samples contillrung less than one percent solids. 

12.2.1.1 Di•k preparation 

12.2.1.1 .1 Remove the test tube from the suction flask (Figure 4). 
Place an SI'IJ d1slc 011the base of the filter holder and 
wei with methylene chloride. WhJ!e holding a CIMF ISO 
filter above the SPE disk with tw~ers, wet the filter 
with methylene chloride and loy the filter on the SPE 
disk, malang sure that air IS not tropped bctwet.'n the 
f1lter 1111d disk. c:Jamp the filter and SPE disk between 
the 1-L glass reservoir and the vacuum filtration flask. 

12.2.1.1 .2 Rutsc the side'S uf the reservoir with approx 15 mL of 
methylene chloride using 11 "'l""""e bottle or pipet. 
Apply vacuum momentanly wttll a few tlrnps appear at 
the clriJl tip Release the vacuum and allow the 
filterld1sk to soak for approx one minute. Apply vacuum 
and draw all of the methylene chlondc through the 
filtc.•fdisk Repeat the wash step W1th approx 15 mL of 
aoetone and allow the filu:rfdi8k to air dry. 

12.2.1.2 Sample C!<lluctiun. 

12.2.1.2.1 Pre-wet the disk by adding approx 20 mL nf methanol to 
the rcsc.TVoir Pull most of the methanol through the 
filter/disk, retatnutg a layL-r nf methanol approx 2 mm 
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thick on the filter. Do nut allow the filter/disk to go dry 
from this point until the cxtr·actinn i8 completed. 

12.2.1.2.2 Add upprux 20 mL of reagent wnter to the rcS<.'rvoir and 
pull most through, leaving a layer approx 2 mm thtck on 
the filter/disJc. 

12.2.1.2.3 Allow the .ample (Section 11.4 2.6) to stand for 1-2 
hours, if necessary, to settle tl1c suSJ>endcd particles. 
Dcc:l<nt the clear layer of the satnple, the blank (Section 
11.4.2.4), or lPR/OPR aliquot (Section 11.4.2.5) into its 
respecttve reservoir and turn on the vacuum to begin the 
extrHGtion Adjust the vacuum to complete tl1c 
exll'action in no less than I 0 minutes. For samples 
contuntng a htgh eoncentrntion uf particles (suspended 
solids), the extraCtion time may be an hour or long<:r 

12.2.1.2.4 Before all oftl1c sample has been pulled through the 
fi Iter/disk, add approx 50 mL of reagent water tu the 
swnt>lc hnttlc, swirl to suspend the solids (if present), 
and pour· u1to the reservoir. Pull through the fi lter/disk. 
Use additional reagent water nnses until all solids are 
removed. 

12.2.1.2.5 Before all of the sample and rin>cs have been pulled 
through the filter/disk, nose lhe srdcs of ti>C n.....avoir 
With ;,rnllllportions of reagent water. 

12.2.1.2.6 Partially dry the filter/dtsk Wldct vacuum for approx 3 
minutes 

12.2.1.3 Elution of the filter/drsk. 
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12.2.1.3.1 Release the vacuum, remove the enure 
lilter/drsklrescrvoir assembly from the vacuum flask, 
and empcy the flask. Insert a tco.t tube for eluant 
collection into the flask. The test tube should have 
suffierent capacrty to oontain the total volume of the 
elution solvent (approx 50 mL) and shuuld fit around the 
drip tip The drip tip should protrude mto the test tube 
to preclude loss of sample fTom sp~ttering when vacuum 
is applied. Reassemble the tllter/drsk/rcscrvoir 
a&.cmbly nn the vacuum flask. 
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12.2.1.3.2 Wd the filter/disk with 4-5 mL ofOCCLooc Allow the 
acetone tn spread evenly across the disk nnd soolc fot 15· 
20 seconds. Pull the acetone through the disk, releasing 
the v3euum when 3pprox I mm thickness t•cmain• nn the 
JiiLCI. 

12.2.1.3.3 Rinse the sample bottle wtth approx 20 mL nf methylene 
chloride and transfer to the reservoir. l'ull approx half 
or the solvent through the fi lter/disk and release the 
vacuum. Allow the tiller/disk tu soak for approx I 
minute Pull all of the solvent through the dtsk. Repeat 
tit<: bottle rinsing and elution step with another 20 mL of 
methylene chlottde. Pull all of the >ulvcnt through the 
dtsk 

12.2.1.3.4 Release the vacuwn. remove the filter/dislc/reservoir 
assembly, and remove the test tube conUIUlulg tl1e 
sample solution Quantitatively transfer the solutton to a 
250-mL separatory funnciiUid prooo.,.lto Section 12.5 
for back-extraction. 

12.2.2 Separatory funnel cxtroouon 

12.2.2.1 Pour the spiked S3mple (Section 11.4.2.2) mto u 2-L separat<lty 
furmel. RutSe the boule or flask twice with 5 mL of reagent water 
nnd add these nnses to the separatory funnel. 

12.2.2.2 Add 60 mL methylene chloride to the empty S3mple boule. Seal the 
boltle and shake 60 sccund• to rinse the inner surface Transfer the 
solvent to the sepamory funnel, and CXIf8Ct the sample by shaking 
the funnel fot 2 minutes with periodic ventmg. Allow the organic 
layer to separate from the aqueous phase for a minimum of I 0 
minutes. If 31'1 emulston forms and is more than "'"·~third the 
volume of the solvent layer, employ mechnnicultechmques to 
complete the phaqc scpiltation (see note below) Drain the 
methylene chloride extract through n solvent-rin ... xlgl••" runnel 
appro><imately one-half full of granular anhydrous sod tum ~ulliltc 
(Section 7.2.1) •upp<>rted on clean glass-fiber paper into a solvent
rmsed concentratton device (&"Clion 12.6) 
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Note: If an emulsion fonn.t, the laboratory musr employ mechamcal techniques to complete the 
phase separut10n The optimum recltnique deperul.< upon rite sample, bur may mclude srirrinfl,. 
filtration through sit«.< wool. use q( phase scparatinnpof"'r. centr!fttfl.Otlon, use nf un ulrmsonic 
bath with ice, add/lion of NaCI, or ather physical methods. A lremattvely. solid-phase (.~ection 
I ].1.1), CUE (Seer/on I 2.2.3). or or her exrructton techniques may be r«ed to prevent emulsion 
fomtation Any ultuno/t\Y! technique Is acceptable Mllung as the requ/rcmc11Lt in Sect10n 9. 2 
art!' met. 

12.2.2.3 Extract the water sample twl) more times with 60-mL portinns nf 
methylene chloride. Drain each portion through the sodium sulfate 
into the concentralur After the third extro.ellon, rinse the -.eparatory 
funnel with a! least 20 mL of methylene chloride, and drulnllris 
rinse through the sodium sulfate mto the concentrator. Repeat tlus 
rinse otleast twiuc Set aside the funnel wrth sodium sulfate if the 
extract is to be combined with the extract from the particle~. 

12.2.2 .4 Conc<:ntrale the extract using one of the rnacro-<:oncentrallon 
procedures in S.X.1ion 12 6 and proceed to back exlntdion in Section 
12.5 

12.2.3 Continuous ltquidlliquid extraction 

12.2.3.1 Place 100.150 mL methylene chloride in each continuous extractor 
and 200.300 mL in each dasulltng flask 

12.2.3.2 Pour the srunple(s). hl1111k, and QC aliquots into the extractors 
Rinse the sample conuuncrs with 50-100 mL methylene chlondc and 
...Ic.ltn the respective extrootors. Include all solids in the extractron 
process. 

12.2.3.3 B<:gin the extraction by heotrng ll1c fla.Jc until the meihylene 
chJonde as boil in!!. When properly adJUSted, 1·2 drops nf methylene 
chloride per second wrll li<IIITom the condenser tip ul!o ~1c wlller 
Exl:r!lct for 16-24 hours 

12.2.3.4 Remove the distilling flask. estimate and record the vnlume of 
extract (to the nearest 100 rnL), and pour the contents thaough • 
drying column contaanrng 7 to 10 em uf granular anhydrous sodaum 
suUblc into a 500-mr. K-D evaporator tlosk equipped with a 10-mL 
concentrator tube. Rmse the distilling flask with 30-50 mL of 
mclltyk-nc chloride and pour through the c.lryin!! column 
Concentrate and exchan!!c to hexane per Seetion 12.6 ond back 
cxlrl!(.1 per Section 12.5. 
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12.3 ~OS extraction of samples containing partic.les. 

12.3.1 Cbatgc a clean extraction thimble (Sect1on 6 4 2 2) with 5.0 g of I 00/200 mc.och 
sihca (Secuon 7 5 1 1) topped wnh 100 g of qWll1z """d (Section 7 .3.2). 

Note: Do not disturb the silica layer thiYlllgh"ut the extraction process. 

12.3.2 Place the th1mble 10 a clean extractor Place JO to 40 mL oftolu<ne in the 
receiver and 200 to 250 mL of toluene in the flask. 

12.3.3 Pre-extroctthc glassware by heating the flask until the toluene is boiling. When 
properly adjusted, I to 2 drops uf toluene will fall per second from the condenser 
tip into the receiver. Extract the apparatus fur a minimum ofJ hours. 

12.3.4 After pre-extraction, cool and disassemble the apparolus Rin,.., the thimble with 
toluene Md llllow to air dry. 

12.3.5 Load the "CI ""'"pie and/or filter from Sections 11.5.8, 11.6 S, or 11 7 5 and any 
nonaqueous t.qUJd from So:x:tiun 11 6 .3 into the thimble and manUJdly mix into 
the sand layer with a cle3fl metru spatula, carefully breaking up any large lumt>s 
ofswnplc 

12.3.6 Reassemble the pre-exuaCicd SDS apparatus, and add a fresh charge of toluene 
to the receiver :tnd reflux flask. Apt>ly power to the heating mande to begm rc
lluxing. Adjusl the reflux rate to match the rate of pcrcc>hotion through the s:tnd 
and sihca bods until water removal lessens the restnc!Jon to toluene lluw. 
Frequently check the apparatus lor foaming during the first 2 hours of extroctton. 
u· lhaming nccurs, reduce the reflux rate until forunins subsides 

12.3.7 Drain the water from the rccci vLT !II 1-2 hours and 8-9 hours, or sooner if the 
receiver fills with water. Reflux the swnplc fur a total of 16-24 boors. Cool Md 
disassunhlc the apparatus. Record the total volwne of water collected. 

12.3.8 Remove the d1stillmg flask. 01nm the water rrom the Dean-Stark receiver and 
add any toluene in the receiver to the cxu-act in the flask. 

12.3.9 Concentrnte the extracts frum particles to approximately 10 mL using tl1e rutwy 
evaporator (Section 12.6.1) or heotmg mantle (Section 12.6.2), transfer to n 250-
mL sepora1ory funnel, and proceed with bock-eXIfiiClJon (Section 12.5). 

12.4 Suxhlet extr.oction of tissue 

12.4.1 Add 30 to 40 g of powdered anhydrous sodium sulfate (Sccuon 7 .2.2) to each of 
the beakers (Section I U!.4) and mD< thomughly C'.over the beakers With 
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a.lummum toil and allow to equilibr:~te for 12-24 hou<H Remix prior to 
extraction to prevent clumping 

12.4.2 A.'<SL'I1lble and pr~ the Soxhlet apparatus per Sections 12.3.1-12.3.4, 
except use the mt:thylene chloride:hex:me (I :1) nuxturc fur the pre-e"1T3Ction 
and rinsing and omit the qunrtt sand. 

12.4.3 Reassemble the pre-extracted Soxhlet apparatus and add • fresh charge of 
methylene chlonde:hexanc In the rellux llask 

12,4 .. 4 Transfer the sample/sodium sulfate mr:<lurc (Section 12 4 I) to the Soxhlet 
thimble, HJ>d install the thimble in the Soxhletapparalu.' 

12.4.5 Rinse the benker with several portion• of solvent mixture and ood to the thimble. 
Fill the thimble/receiver with solvent. Extract fur 18-24 hours. 

12.4.6 After extroctron, cool and di...,.ll"''T1ble the apparatus. 

12.4. 7 Quantitatively transfer the extract to o macm-conccntntlion device (Section 
12.6), rmd concentrate to near d ryness. Set3Stde the concentration apparatus for 
re-use. 

12.4.8 Complete the removal of the solvent usmg the rutrogen blnwtlnwn procedure 
(Sectton 12.7} and a water balh temperature of 60 •c. Wetgh the recervcr, 
record the wetght, and return the rCCL~vcr to the blowdown apparatus, 
concentrating the residue until a constant wetghtts obtamcd 

12.4.9 Percent hptd detcnnination- The lipid content is determined by extracbon of 
tissue with the same solvent SYStern (mctllylcnc chloride· hexane) that was used 
in EPA's National Dioxin Study (Reference 16) so tllatlipid contents are 
consistent with that study 

12.4.9.1 Redissolve the restdue 111 the recci,·cr in hexane 3nd spike I 0 mL of 
the Laheled cleanup standard spiking solutton (Sectton 7.13) intu the 
solution. 

12.4 .9.2 Transfer the residue/hexane to the anthropogenic isolation column 
(Sct1ion 13 6), retaining the boiling chips in the concentration 
apparOius, Use several rimres to assure that all material is 
transferred. If necessary, sorucale or heal the receiver slightly to 
a<.<ure that all material is r&-dissolved. Allow the receiver to dry 
Weigh the recetver ond boiling chips 

12.4.9.3 Cnlculnte the lipiu umtcnt to the nearest three srgmfrcant f'tgurcs a.• 
follows: 



Method /t>tS/1, Rtmston A 

Pel'f:f!nt ltptd • Wt~J!Irl of resitb~ (g) x II}() 
Wcif(ht of tissue (g) 

12.4.9.4 The labomtory should determine the lipid content of the blank. IPR, 
Md OPR to assure tbat the extraction system is working ellbchvcly 

12.6 Back-e>.1raction with base and acid 

12.6.1 Back...,xtraction may not be necessary for some samples. Por some SlllllJ1li:.'l, the 
presence of color in the extract may indicate that back-cxlm<1ion is necessary. u· 
back-extraction is not performed, spike I 0 mL of the Labeled clelll1UJ> sllondard 
spiking solution (Section 7 .13) mto the exiJ'aCt ""d concemrate the extract tbr 
cleanup or onalys1s (Section 12 7). If back-extroel.lon is nct.'CSSW)'. o;pike 1 0 mL 
of the Labeled cleanup standard spiking solurion (Section 7 13) IntO tlte 
5Cplmdory funnels containing the sample and QC extracts from Sect1on 12.2.3.4 
or 12.3.9. 

12.5.2 Partition the extmct Qgrunst SO mL of JK>ta-.sium hydroxide soluhon (Sect1on 
7.1.1) Shake for 2 minutes with penodJc venting inu.> • hood. Remove Md 
dJseard tl1c aqu.,uus luycr. Repeat the base washing until nu cnlnr is visible in 
the aqueous layer, to a moximum of fi>ur washings. Minimize contaCt tunc 
between the extract and the base to prevent degradation uf the CAs. Srronger 
potassium hyd•uxidc solutions may be employed for back-cxtractiun, provided 
that the laboratory meets the speci liCHtinns for labeled compound recovery 011d 
demonstrates acceptable performMce usmg the procedure in Section 9.2. 

12.5.3 PartttJoo the exltDCI ~md SO mi. of sodium chloride solutJOO (Seeuon 7 I 4) in 
the same way as w1th base. Discard the aqueous layer. 

12.5.4 Partition the cxlnld agllinst SO mL of sulfuric ac1d (Secllon 7 I 2) in the ""'"e 
way as Wlth base. Repeat tlJC HCid wa.~hing until no color is vtSible 10 the 
aqueous layer, to a maximum of four washmgs. 

12.5.5 Repeat the pwlilloning ~~g•inst sodium chloride solurion Md d1seard ~1c aqueous 
layer. 

12.5.6 Pour each cxlrHcl through a drying column containing 7to 10 em nf!!ranular 
anhydrous sod1um suUiue (Sec tim> 7.2 I) Rinse the separatory funnel w1th 30 to 
50 mL of solvent, and pour through the drying column Collect each extrnct tn a 
rowld·bollurn n .. ~k Ro-concentrate the sample and QC aliquoL• per Sections 
12.6-12.7, and clean up tl1e sampk-s Hl1d QC aliquots per Section 13. 

12.6 Macre>-concenuatJoo Exuacls in toluene are concentrated us1ng a rotary cvapurator or a 
healing mantle; extmctS 10 methylene chloride nr hexane are conoenttated us1ng n rotary 
evaporruOt·, hC>IIing mantle, or Kuderna-Danish apparatus. 
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Note: In the concemrorion procedures bclo", rile extroct mu1'I1UJI be allowed to conccllfratc to 
dryne.u betXnL~e the moru.>- thmugh fn-<:hloroblpheny/s may be totolly or fXHl<ully /mi. 

12.6.1 Rotary evaporation-C-oncentrate the extJ'acts in scpantle round-bortom flasks. 

12.6.1.1 Asscrnhlc the rotary evaporator according to manul'nctur·c1·'s 
instructrons, and worm the water bath to 45 ·c. On a daily basrs, 
pr<>-clean the rota.ry evaporator by concentrating I 00 rn L nf clean 
extroctiun sui vc.:nt through the system. Archive both the 
concentroted solvent and the solvent in the catch flask for a 
contamination check if necessary. Between samples, tltr~'C 2- to 3-
ml ali<IUCtts of solvent should be rinsed down the feed tube mto a 
waste beaker. 

12.6.1.2 AH..dt the round-bonom flask oonuumng the sample cxuact tu the 
rotary evopor&lor Slowly apply vacuum to the system, and begm 
rotating the san1ple flask. 

12.6.1.3 Lower the lla•k intn the w.Uer bath, and adjust the speed of rotation 
and the tempemturc as required tn complete concentrarion in 15 to 
20 minutes. At the proper rate of concentratiOn, the II ow of' ,.,]vent 
intn the r~'Cc i vi ng flask will be steady, but no bumprng or vrsrble 
boiling of the extract will occur. 

Note: If the rote of concentratiOn rs too fast. ano/yte loss may occur. 

12.6.1.4 When the hquid in 1he conceruration flask has r~;K:hed o.n apparent 
volwnc of ap1•mxim81ely 2 mL, remove the flask from the water 
bath and stop the rotatoon. Slowly and CHT<.ofully IIC!mil Kir into the 
system. De sure not to open the valve so quock.ly thlll tltc """'J'Ie i• 
blown out of the flask Rinse the feed tube with approximately 2 mL 
of solvent. 

12.6.1.6 Proceed to Sec1ion 12.6. 4 for preparation for back-extraction or 
onJcro-conccntrlltron and S<)l vt'lll exchange 

12.6.2 Heating m>~ntle-Concentrate the extracts in separate round-bottom llosks. 

12.6.2.1 Add one or two clean boiling chips to the round-bonom flask, and 
attach a 1hrce-ball macro Snyder column. Prewet the oolwnn by 
addu13 approximately I mi . of solvent through the top. Place the 
round-bonom flask m a heaung mantle. and apply had as required to 
complete the concentration in 15 to 20 minutes. At the proper rote 
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of distillation, the balls of the column willHCtively chatter, but the 
chambers will nul flood 

12.6.2.2 When the liquid has reached an apparent volume of approximHtcly 
I 0 mL. remove the round· bottom flask linm the heating mantle and 
allow the solvellt to drain Hlld cool for at least I 0 minutes. Remove 
the Snyder rolumn and nnse the gluss j(>i nt into the receiver wtth 
small ponions uf solvent. 

12.6.2.3 l'rocee<l to Sectton 12 6 .4 for preparation for back-extraction or 
rnl<:n>-C(lllcentration and solvent exchange 

12.6.3 Kudema·DMish (K·D) ConccntrH!e the extracts in seporate 500-mL K-0 flasks 
equiprxxl with 10-mL roncentrator tubes. The K-D technique is used for 
solvents such a,, methylene chloride and hexane. Toluc11c is difficult to 
concentrate usms the K-0 tcchmquc unless a water bath fed by a steam 
gencnd.ur is used 

12.8.3.1 Add Ito 2 cleHll boiling chips to the rece~ver. Atu.ch a threo-ball 
macro Snyder column Prewet the column by addmg approxirnutcly 
I mL of solvent through the top. Plucc the K-0 apparatus in a hot 
water hath so that the entire lower rounded surface uf the flask is 
bntl1ed witl1 steam 

12.6.3.2 Adjust the vertical position of the appllfalus and the water 
tempemture us roquired to complete the concenunllon in 15 tu 20 
minutes. At the proper rate of distillation, rhe balls of the column 
will actively chatter but the chambers wi ll nut flood. 

12.6.3 .3 When the hq111d ha• H:ached an apparent volume of I mL, remove 
the K-D apparatus from the bath and Hllow the solvent to drt~~n Md 
enol for at least 10 minutes. Remove t.he Snyder e<.>lumn and rinse 
the llask and its lower joint into the concentralor tube with I tu 2 mL 
of solvent. A 5-ml.. synnge is recommended for this operation. 

12.6.3.4 Remove the lhrt:e-ball Snyder column, add o fresh boiling chip, and 
attach a two ballmtcro Snyder column to the concentrator tube. 
l'rewet the column by adding approximately 0 5 mL of solvent 
through the top Place the apparatus m the hot watL>r bath 

12.6.3.5 Adjust the vert1<:al postttoo and the Wlller temperature as requtred to 
complete the concentration in 5 to I 0 mtnutell. At the proper rate of 
dtstillauon, the bolls of the column will actively chatter but t11e 
chambers will not llood. 
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12.6 .3.6 When the hquid reaches an apparent volume ofO S mL, remove lhe 
apparatus finm the water bath and allow to dro.to and cool for at least 
10 minutes. 

12.6 .3 .7 Procee-d t.n 12 6 4 for preparation for back·extrocLion ur micro
concentrntton and solvent exchange. 

12.6.4 Preparati on for back-extraction or micro·concentralion tmu ~olvent exchange. 

12.6 .4 .1 For bock-extlaction (Section 12.5), transfer the extroct to a 250-mL 
separatory fuMe!. Rinse the concc'tltnrtioo vessel with small 
pu<tions of hexane, adjust the hexane volume in the :<epanttory 
funnel to I 0 to 20 mi.., HOd proceed to back-extraCtion (ScctJon 
12 5) 

12.6.4.2 for detcm11natiun ufthe weight of residue in the e:xtn)CI, Ot fi>r 
clean-up procedures other thHO back-extraction, transfer the extract 
to a blowdown vial using 2-3 nnscs of solvent. Proceed with micro
conocntn;tinn HOd solvent exchange (Seellon 12.7). 

12.7 Micro-concentration and solvent exchnnge. 

12.7 .1 l:!xtroc.ts to be subjected L<> OPC. cleanup are exchanged into methy lene chluriuc 
Extracts to be cleaned up usmg s1hca gel, CHThon, Florisil, and/or IIPLC are 
exchanged into hexane. 

12.7 .2 TI'O.I)s{er lhe v1al containing the sample extract to a nitrOgen blowdown d<:vice 
Adjust the flow of mtrosm so thai the surface of the solvent is just VIStbly 
disturbed 

Note: A lal1(c voncx in the solwnt muy w•«e a11alyte loss. 

12.7 .3 Lower dte vaal 1nLO a 45 •c. Willer bath and continue concentmllng. 

12.7 .3.1 If the extract or an nhquot of the cxtrm:t is to be concentrated to 
Jryness for weight determination {Sections 12.4.8 and 13 6.4), blow 
dry until u cun~tant weight is obtained. 

12.7.3 .2 If the extract is to beconcentroted for 1njcction into the GCJMS or 
the ""I vent is tn he exchanged for extract cleanup, proe<:cd ... 
follows: 

12.7 .4 When the wlume of the hquiu is approximately 100 ,.L, add 2 to 3 rnL of the 
Jesired solvent (methylene chlonde for GPC and HPLC, Of hexane for the other 



Met/rod 1668, R•l'i<~onA 

cleanups) and conunue concentration to approxunatcly I 00 .,L. Repeat the 
addition of solvent and conccntr!lle once more. 

12.7 .5 lf the extract i• In be cleaned up by GPC, adj ust the volume of the cxii'HCt to 5.0 
mL with methylene chloride Tf the extract is to be cleaned up by Hl'LC, 
concentrate the extract to 1.0 mL Proceed with GI'C or HPLC cleanup (Section 
13.2 or 13.5, respedively). 

12.7.6 lfrhe extract is to be cleaned up by column chromlllography (silica gel, 
Carhnpak/C'.elite, or Florisil), bnnt~thc Fonal volume to 1.0 m.L wilh hexane 
Proceed With column cleanup (Sections 13.3, 13 4, t>r 13.7). 

12.7 .7 lftheextrae11S to be ooneenlntled f04' injection toto the ('rt'JMS (Section 14), 
quantilllrively transfer the extract to a 0.3-mL conical vial for ftnal conccntnUion, 
nnsmg il1c htrgcr vial with hexMe and adding the rinse to the conical v1nl. 
Reduce the volume Lo approximately 100 ,L. Add 20 pL nfnonane to the vtal, 
11t1d evaporate the solvent to the level uf the nonane. Seal the VIal anu l>lhcl with 
the sample number Store in the dark at room lL'Illperature until ready for 
GCIMS analySts. tf(',('JMS analysis will not be perfocmoo on the same day, 
stnre the vial at <-10 •c. 

13.0 Extract cleanup 

13.1 Cleanup may not be necessary for relatively clean samples (e g., trea1ed emuents, 
groundwatt.T, drinking wa1er). If parucular cucum>1ances require the use of a cleanup 
procedure, the lahurlllory may use any or all of the procoourc• below or any other 
appropriate procedure. Before u.~ing a cleanup procedure, the laboralory rnusl 
demonstralc Lhat the requirements of Seaton 9.2 can he met using the cleanup procedure. 

13.1.1 Gel permeation chromatography (~ion 13.2) removes high mol..:ular weight 
interferences that cause GC column ,,._.,.ronnance to degrade. lt should be used 
for !ill soil and sediment extracts. It may he used for water extracts that are 
expected to coniJtin high molecular weight orgamc cmnpnunds (e.g., polymeric 
materials, humic nctds). It should Klso be used for tissue extracts aflcr initial 
cleanup on the anthropogeruc tSOIBIIOil column (~ion 13.6). 

13.1.2 Actd, neutral, and ha.<ic silica gel (Section 13.3) and Florisil (Section 13 7) are 
used to remove non-polar and polilr interferences. 

13.1.3 Carbopak/Cclitc (Section 13.4) CW'I be used to s~-pW'til.c CRs 77, 126, and 169 
from the mono- and dt· ortho-substituted CBs, if destred. 

13.1.4 HPLC (Section I 3 5) is used to provtde specificity fur certain congeners and 
congener groups. 
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13.1.5 The anthropogenic tsolauon column (Section 13.6) i8 used for removal of lipids 
from tis.~ue SH111ples 

13.2 Gel permeation chromlllogrnphy (GPC) 

13.2.1 Column packing 

13.2.1.1 Place 70 to 75 s ofSX-3 Bio-bcmls (Section 6 7 l l) in a 400- to 
5ClO-mL beaker. 

13.2.1 .2 Cover the hcltds with methylene chloride 3lld allow to swell 
overnight (a mtntmum of 12 hours). 

13.2.1 .3 T,.,.nsfer the s-wlled beads to the colwnn (Sectton 6 7.1 I) and pump 
sol•ent tlltOU_gh lite column, from bottom to top, at 4.5 to S.S 
mL/minute pnor to connecting the colurru1 to the <.IL"tcctnr 

13.2.1.4 AJlcr pwging the column with solvent for 1 to 2 hours, adjuSt the 
column head pressure to 7 to I 0 psig and purge for 4 to 5 hours to 
remove air. Maintain a head pressure of 7 to 1 0 1>~ig Conn"'-"! the 
column to the detector (Section 6.7.1.4). 

13.2.2 Column calibration 

13.2.2.1 Lnw.l5 mL of the ore calibration solution (:>echon 7.4) IIIlO the 
sample loop. 

13.2.2.2 Inject the GPC calibration solution 3lld record the stgnal fa om the 
detector The elution pattern will be com oil, UL:HI', mell>oxychlor, 
petylene, and sulfur. 

13.2.2.3 Set the 'dump time' to allow>85% removal ofBEHP and >85% 
collect.aon or methoxychlor 

13.2.2.4 Set the "collect time• to the time ofd1e sulfur peak mW<irnum 

13.2.2.5 Venry C4llbi'OIIM with the Ol'C cali bration solution after every 20 
extracts. Calibration IS ventied tfthc t'ccuvcry of the methoxyc.hlor 
is grc>llcr than R5% If calibration is not verified, the system mu><t he 
reC411brated u~ing the GPC calibration solution, 3lld the prevtous 
sample batch must be re-extracted and cleaned up 1.15ing the 
calibrated GI'C system 

13.2.3 Extract cleanup--{)PC requires that the colwnn not be overloaded The column 
specified in this Mcthud is designed to handle a maximum of 0.5 8 of mlltenol 
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from an aqueous, scul, or mixed-phase sample in a 5-rnL extroa, and Ita.' hccn 
sho\\n 10 handle 1.5 g ofhp1d from a tissue sample in a 5-rnL extract. U'the 
extract is kno\\n or expected 10 con tam more than these amounts, the extract is 
spht mto ahquots for OPC, ""d the aliquots are combined :lfter elut1on from ~1c 
column. The res1due content of the extract may be obtained gravimetncally by 
evaporating the solvent from a 50-.uL aliquot. 

13.2.3 .1 Filter the exlruct or lo"d through the filter holder (.Sect lOll 6.7. I .3) to 
remove particles. Load t11e 5.0-mL extmc1 onto the column. 

13.2.3 .2 Elute the cxtr.u:t using the calibration data determaned 111 Set.1iun 
13.2.2. Collect the eluate in a clean 400- to 500-mL beaker. Allow 
the system to nnse for oddJtional 10 minutt:S hefore injecting the 
next """'pic 

13.2.3.3 runse the sample loodmg tube lhonHJghly with methylene chloride 
between extracts to prepare for the next sample. 

13.2.3.4 If an exllact is cncuunl.t.'l'ed that could overload the GPC column to 
the extent thlll corry-over could occur, aS 0-ml, methylene chloride 
blank musl be nm through the system to check lor cnuy-uvc-r 

13.2.3.5 Concentrate the eluate JX.'r Scc-tiuns 12 6 and 12 7 for further cleanup 
or injection into the GCIMS. 

13.3 Silica gel cleanup. 

13.3.1 Place a glass-wool plug in a 15-mm 10 chromatogr8jlhy column (Section 
6.7.4.2). Pack t!K: column bottom to top with: I g silica gel (Secuon 7 5.1. I), 4 g 
basic silica gel (Sectton 7.5.1.3), I g silica gel, 8 g acid silica gel (Secnon 
7 5 1.2), 2 g silica gel, tlnd 4 g granular anhydrous sodium sulfllte (Section 
7.2.1 ). T8j> tl1c column to settle the adsorbentS. 

13.3.2 Pre-(llute the column With 50 to 100 rnL ofhcXIillc. Close the stopcock when the 
hex8r\c is with in I mm of the sodium sulfate. Uiscard the eluate. Check the 
colwnn for chwmcling. Tf ch,.nneling is present, discard the column Wld prCJ>llrc 
another. 

13.3.3 Apply th<.: ctmcenlraled extract to the column. Open the stopcock unlil I he extract 
is withm I mm of the S<.khum sui fate 

13.3.4 Rinse IlK: rccL-ivL-r twice with 1-mL portions of hexane, :111d apply separately In 
the column. !!lute the CBs wtth 25 mL nfhexane and coUect the eluate. 
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13.3.5 Concentrate 01e eluate per Section 12.6 and 12.7 tor fwthcr cleanup or injection 
into the r IPLC or GCfM~. 

13.3.6 For extmCIS of samples known to contain large quanuucs nf other organic 
compounds, 11 may be advisable tn increase the capacity of the siltca gel onlumn 
Titis m,.y be accomplished by increasmg Ote strL'Tlgths of the acid and b3StC Sthca 
gels. llte acid silica gel (Section 7. 5.1.2) may be inct·cw<cd in strength to as 
much as 40% w/w (6.7 g sulfuric •cid added to 10 g sohca gel). lltc hHsic silica 
gel (Se<.1ion 7 5.1.3) may be mcre3Sed 111 strength tn "-'much as 33% w/w (50 
mL IN NaOH added to I 00 g silica gel), or the potassoum siliL-ate (Section 
7 .5.1.4) may be used. 

Note: The use of stronger acid silica gel (44% wllv) may lead to chamng of Ol'f(anic 
compounds /11 some extract.,, The charred materia/may retain some oft he unalytes and lead to 
lower re<·overies of the CJJs. l11crea.ring the .vtnmgth' of the acid and basic silica gel may ulm 
reqwre different volumes of hexane than those Spt!cijied uhm"e to elute the analytes from the 
colmtut. 71tc performLJ/Ict: of thr Method after such modljicatio11r nn«t he l'«rtfied by the 
procedure In Section 9.2. 

13.4 Carbon colunut (Reference 17) 

13.4.1 Cut both ends from a 50-mL dtsposnble serological pipet (Section 6.7.3 .2) to 
produce a 20-ern column. Firo-polish both ends and flare b01h ends if desired. 
Insert a glass-wool plug at one end, and pack the column wtth 3.6 g of 
Carbopak/Celite (Section 7.5.2.3) to form"" adsorbent bed 20 em long. lnsen n 
glass-wool plu~; on top of the bed to hold the adsorbent 111 place 

13.4.2 Pre-elute the column wath 20 mL cuch in succession oftohoene, methy lene 
chloride, und hexane. 

13.4.3 When the solvent os wtthtn !nun of the column packing. apply the n-hel<8tlc 
sample extraCt to the column. KJnse the sample cunl.liiner twice wilh 1-mL 
portions uf hexane and apply separately to the column. Apply 2 mL of hexane to 
complete the trnnsfer. 

13 .4.4 Elute the column with 25 mL of n-hexane and cull oct the e luate. This fraction 
wiU contatn the mono-HOd di-ortho CDs. lf carbon particles arc present in the 
eluate, filter through gloss-fib<:r filter paper 

13.4.5 Elute the column with 15 ml. of methanol and dascard Ote clu8Lc. The fraction 
discarded wall oontato residual lipids and other potentialtnterferents, tf ptC"'-111 

13.4.6 Elute the column wtth 15 mL oftnlucne and collect the eluate. This traction will 
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contain C~s 77, 126, 8tld 169 If carbon particles ore present in the eluate, filter 
through glass-fiber filter paper 

13.4. 7 Conccntn<lc the fractions per Sect1on 12.6 and 12 7 for further cleanup or 
injection tnto the HPLC ur \.C/MS 

13 .~ HPLC (Rcf<.,.ences 4 and 18). 

13.5.1 Column cal1brat1on. 

13.~.1 .1 Prepare a calibration standard cootallling the Toxics and Olher 
congeners of interest at the concentn111ons of tl1e stock solution in 
Table 3, or at a conccntnttion appropriate to the response of the 
detector. 

13.5.1.2 InJect the calibraliun stlindard into the lll'LC and record the signal 
from the detector Collect the eluant for reuse. Elution Will be ul 
tl1c order of the di-onho, mon~, and non-ortho congener11 

13.5.1.3 llstablish the colleclloll time for the congeners of mterest 
Following calibration, flush d1e injection system with solvent to 
ensure that residual cas are removed from the system. 

13.5.1.4 Verify the calibratiOn w1Lh the calibration solution after every 20 
extracts Calibration IS venfted tfthe recov'"Y of the CBs is 75to 
125% compared to the calibration (Secbon 13.5.1.1). JfCHiihnsJion I 
s nOi verified, the system must be recalibrated using the cahbrot1on 
solution, and the previous 20 samples must be rc-cxtracted and 
cleaned up usmg the cHlibrated system. 

13 .~.2 Extnt<.1. cleanup-IIPLC requires that the column nul be overloaded. The 
column spec1ficd in this Method is designed to handle a rruoomum of 5-50 t•S of 
a given CU, dependmg on the congener (Referenoe 18). If the amount of 
material in the extract will overload tile column, split the extract into fracbons 
3Jld comb1ne the fr&l.'lions after elution from the colwnn. 

13.5.2.1 Rinse the sides of the v1al conlliining the S!lmple and adjust to the 
vnlume required for the sample loop lor "lJ~'Ctiun 

13.5.2.2 Inject the sample extraCt mtn the HPLC. 

13.~.2.3 Elute the cxtrw.;t using the calibration dalll determined in Section 
13.5.1. Collect the liaction(s) in clean 2Cl-mL concentrotor tubes. 
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13.5.2.4 If an extract cuntHining greater than 500 1'8 of total CBs is encoun
tered, a blank must be run thmugh the system to check for carry-over. 

13.15.2.5 Concentrate the eluate per Section 12.7 for lllJeCilon into the 
GC/MS. 

13.6 Anthropogcmc isolation column (Refem>ee 3}-Used for removal ofhp1Cls from tissue 
extracts. 

13.6.1 Prepare the column as given on Section 7.5.3. 

13.6.2 l're-elute tl1e column with I 00 rnl. of hexane. Drain the hexane layer to the top 
of the column, but do not expose the sodtwn sulfate. 

13.6.3 Load the sample 1tnd rinses (Seaion 12.4.92) onto the column by dtatning each 
portion to the top of the bed. Elute the CBs from the column into the apparatus 
used for concentration (Secuon 12.4.7) usms 200 mL of hexane 

13.6.4 Remove a small potlion (c 11. SO ,.I.) of the extract for determination of rest due 
content. Estimate the pet'llent of the total tl1at this purtiun represents 
Ct1nccntrntc the small portion te> const3llt weight per Seclton 12.7.3. 1. Calcul!tle 
the total amount of residue in the cxtrdct. If more than 500 mg of matenal 
remains, repeat the cleanup using a fresh anthropogenic isnhdinn column 

13.6 .5 If necessary, exchange the cxtrHCt to a solvent suitable for the additional 
cleanups to be used (Sect1on 13.2- 13.5 and 13.7). 

13.6.6 Clean up the cxtr...::l using the procedures in Sections 13.2-13.5 and 13. 7. GPC 
(Section 13.2) and FlonStl (Scctton 13. 7) ,.,.., recommended as minimum 
Rdditional cleanup steps. 

13.6.7 Following cleanup, concentrate the extracr to 20 I'L as descnbed ttl Seclton 12.7 
and proceed with the analysis u1 Section 14. 

13.7 flonstl cleattup (Reference 19) 

13.7 .1 Begin ro drain then-hexane from the oolumn (Sa:tion 7 5 4 I 2) Adjust the 
nnw rate of eluant to 4 5-S 0 mU min. 

13.7.2 When then-hexane ts witl1in I mm ufthe sodium stllfare, apply the sample 
extract (in hexane) to the column. l{inse the sample conwirK1' twice with t-mL 
portions of hexane and apply ln the column. 
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13.7.3 Elute the mooo-onho 31\d dl-onho CBs wilh appmx 165 mi. ofn-hcxane and 
collect the cluHic F:lute the non-onho ~planar CBs wath opprox 100 mL of 6% 
ether:hexane and collect the eluate. The e.xact volumes of solvents will need to 
be determined for eaeh bateh of Flora sal. u· tlte monuldi-nrlho CRs are not to be 
separaled liom the nnn-nrtho co-planar CBs, elute all CBs wath 6% etltcr.hcxanc 

13.7 .4 Concentrate the elunte(s) per Sectoons 12.6-12.7 for further cleanup or for 
injec-tion into the Hl'LC or GCIMS. 

14.0 HRGC/HRMS analysis 

14.1 Establish lhe operating conditions given in Section 10.1. 

14.2 Add 2 pL of the Labeled tnJecUontntemal standard spiking solution (Sectton 7. 14) to the 
20 '''· sample extract immediately pnor to tn)ecttott to mioimi.a: the JX>Mibiliry of loss by 
evnpocaiJoo, adsorption, or rC>tCtion If an extract is to be reanalyud Md evaporation ha• 
occurred, do not add more LAbeled onjection internal standard spiking solution. Rather, 
bring the extract back to ots pre\10us volume (e.g., 19 .uL) with pure nl>nane ( 18 11L if 2 
.u L injections arc used) 

14.3 Inject 1.0 or 2.0 .uL of the concet>U"atcd extract containing the Labeled inj ection internal 
slllndards using on-column or split less injection. The volume t11Jecled must he idc'fltical 
to lhe volume used lot' calihralinn (Section I 0.3). 

14.3.1 Start the GC column initial isothermal hold upon injection. Swt M S data 
cullcctiun after the solvent peak elutes. 

14.3.2 Monitor the exact mh's Ill each LOC throughout the LOC retention time 
window Where warranted, monitor rnlts assoctated wilh ~"'"''"at higher 
IC\'cls of chlorination to assure th«< fi-agments are not interfenng wtth the miLs 
for congeners mlower levels of chlorilllllion. Also "''here wam111ted, momtor 
m/z's associated with interferents expected to be presenL 

14.3.3 Stop data collectton nJ1cr 13C11-0...CB has eluted Return the column to the 
initial temperature for analysis of the next extract or stHndard. 

15.0 System and laboratory performance 

15.1 At the beginning of each 12-hour shift during which anlilyses are performed, GCIMS 
system pe-fonmance and calibration are verified for all nallve CBs and hibcllld 
compounds. For these tests, analysis of the CS-3 calibration verification (VI.iR) standard 
(Section 7 I 0 I and Table 5) and the Diluted combmed 209 congener S<~uuon (Section 
7 .10.2.2 and Table 5) must be u.'ICd tn verify all performance critena. Adjustmentond/or 
recalibration (Section 10) must be performed until all pcrfonmance eriteria are met. Only 
after all performance criteria are mei may samples, blanks, lPRs, and OPR• be analy7.ed 
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16.2 ~S resolution-Static resoiV1118 power checks must be performed 31 the t>esanmng 81\d 111 
the end of each shift per Sections J 0.2.1. If analyses arc performed on succesSive shofts, 
only the begmnmg of shofl siJilic resolving power check is requued. lf tl1c requirement in 
Section 10.2.1 cannot be met, the pooblcm must be corrected before analyses can 
prooccd. Tf any of the samples in the prevoous shill may be affected by poor resolutoon, 
those san1ples must be o·c-anody1.ed 

16.3 C'.alibration verification 

15.3.1 Inject t11e VER (CS-3) standard using the procedure m Section 14. 

15.3.2 The rnlz abundanoe ratoos for all CBs must be within the limits in Table 8; 
otherwise, the mass spectrometer must be adjusted untd tllC rnlz abundance ratios 
fall withm the lmuts spocolictl when the verification test is be repealed. If the 
adjusnnent alters the resoluuon of tllC mas.• spectTometer, resolutoon must be 
verified (Section 10 2 I) prior to repeat of the verificalion tc.'-l 

15.3.3 The GC peak representong each native CR and labeled compound m the VER 
standard must be present with a SIN of Btl east I 0, otherwise, the mass 
spectrometer rnu.'t he adjusted and the verification test repeoted. 

15.3.4 Compute the concentration of the To.xics/LOC CBs by isotope dilution (Section 
17.1 ). These concentrations are computed based on tloc calibration data in 
Section I 0. 

15.3.5 For each compound, compare the concentration with the calibration verification 
hntit in Table 6 If all compounds meet the acceptance cntena, calibnotinn has 
been venfied and analysts of s1andards and sample extractS may proceed. I( 
however, any compound faols lls respective lintit, tllC measurement system is not 
perfonrung poopcrly In this event, prepare a fresh calobratton Sl4ltdard u.
correa the problem ond rcpca1 the n..""'lution (Section 15.2) and veroftcauon 
(Section I 5.3) tests, or recalibrate (Sectoon l 0). Tf rccalibration is required, 
rccalibn!lion for the 209 congeners (Section 10.5) must also be p..-formed 

16.4 Retention times and GC resolutoon 

15.4.1 RetenGun time.• 

15.4.1.1 Absolute-The absolute retention times of the Labeled Toxtcs/LOCJ 
window defining standard congeners (Section 7 12) in the 
venlicaloontcst (Section 15.3) must be v.ithon +15 seconds of the 
respective relentoon umes on the calibnttion (~<, if an alternate 
column or column system is employed, WJthm ±I 5 second.• of the 
respec:uve retention times in the calibration for the altemme colunm 
or column system (Seaion 6.9.1.2). 



15.4.1.2 Relauve The relative retention times of native CBs and labeled 
compounds in the ven.lieation test (Section 15.3) must be within 
tl1c1r rc<pective RRT limits 111 Table 2 or. if an alternate column or 
column system is employed, within the1r respective RRT limits for 
the alternate column or column <ystem (Section 6.9.1.2). 

15.4.1.3 If the absolute, .. relalive retention bme of any compnund IS not 
within the limits spec1ficd, the C'.C is not performing propedy. In 
tl1is event, adjust the GC and repeat the vc'fi ficaJ.ion test (Section 
15.3) or rccalihrate (Section 10), or replocc the C'tC column and 
either verify cal•braiiOII or rec'l!librate 

15.4.2 GC resolution anti minimum analysis time 

15.4.2.1 As a final step 111 calibration verification, inject the D1lutcd 
comhined 209 congener solutton (Section 7.10 2 2 and Table 5). 

15.4.2.2 The resolution and minimum analysis time specifieallons Ill S.:ctions 
6 9 I I 2 and 6.9.1.1 I, respectJvely, mu.'ll be met for the SPU-octyl 
column or, if an alternate column or colunm sy•tem is employed, 
must be met as spc'Cificd for the alternate colunm or colurnn sy>tem 
(Section 6.9.1.2). If these speci.licW.iun• are not met, the GC 
analysi" conditions must be adjusted unt1l thc specifications are met, 
or the column must he replaced and the calibration venlicaunn tests 
repeated Sections 15.4 I through 15.4 2 2), orthe system must be 
recohbnllc'll (Section I 0) 

16.4.2.3 After the resolution and minimum analysis time specitiC4Uons ore 
me-t. update the retention times, rela!Jvc retention times, and 
response factors for the all congeners except the ToXJcs anti LOC 
CDs. For the ToXJcs and LOC CBs, the multi-point caltbrotoon data 
must be used (see Sect1on 10.4 and 15.3). 

16.6 Ongoing precision and recovery. 

15.5.1 Analyze the cxttHCt nf the ongoing precision and recovery (OPR) aliquOt 
(Section 11.4.2.5, 11.5.4, II .6.2. or 11 8 3.2) priorto analysts of sampiL-s from 
the !Ull11e batch 

15.5.2 Compute the pcrccnlo'L'(;overy of the Toxics/LOC <.;Bs by isotope di lution 
(Section I 0.4). Compute tl1e p<:na:nt recovery of each labeled compound hy the 
tnternal standard method (Section 10.5 ). 

15.6.3 Fnr the Toxics/LOC COs and labeled compounds, compare the recovery to the 
OPR hnuts givc11 in Table li. If all compounds meet the llCCL"PIHnce criteria, 
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system performance is acceptable and analysis or blanks and samples may 
proceed. If, however, any individual concentration falls outside or the rru1gc 
given, the cxtractiun/u mccnlnition processes are not being performed properly 
for that compound. In this event, correct the problem, re-preparc, extract, and 
clean up the sample batch and repeat the ongoing precision and recovery test 
(Section 15.5). 

15.5.4 If desired, add results that pass the specifications m Section 15.5.3 to initial ru1d 
previous ongoing data for each compound in each matrix. Update QC charts to 
torm a graphic representation or continued lahoraJory perfonnance Develop a 
statement of laboratory accuracy for each congener 10 each matr1x type by 
calculating the average percent recovery (R) and the standard deviation of 
percent recovery (S,). Express the accuracy as a recovery interval from R - 2S" 
to R + 2SR. For example, if R ~ 95% and s. = 5%, the accuracy is 85 to I 05%. 

15.6 Blank - Analyze d1e Med10d blrutk extracted with each sample batch immediately 
following analysis of the OPR aliquot to demonstrate freedom from contamination and 
freedom from carryover from the OPR analysis. The results of the analysis of the blank 
must meet the specifications in Sc<.'tion 9.5.2 before sample analyses may proceed. 

Qualitative determination 

A CD or labeled compound is identified m a standard, blank, or sample when 1111 nf the criteria in 
Sections 16. 1 through 16.4 are met. 

16.1 TI1e s1gnals tor the two exact mh's in Table 7 must he present and must maximize within 
the same two scans. 

16.2 The signal-to-nnise ratio (SIN) for the GC peak at each exact m/z. must be greater than or 
equal to 2.5 tor each CB detected Ill a srunple extracL, and greaJer than or equal to I 0 for 
all CRs in the calibration and verification standards (Sections I 0.3.3 and 15.3 .3 ). 

16.3 The ratio of the mtegrated areas of the two exact m/z's specified in Tahle 7 must be 
,.,.;thin the limit in Table 8, or within _. 15 percent of the ratio in the nudpomt (CS-3) 
c..tihratinn nr calibration verification (YER), whichever is most recent. 

16.4 The relative retention time of the peak tor a CB must be within the RRT QC limits 
specified in Table 2 or, if an alternate column or column system is employed, within its 
respective RRT QC limits for the altemal.e column or column system (Section 6.9.1.2). 
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Note: For natiw CBs detemuned by mtemal standard quanlitation, a gi•·en CB congm~r may 
foil wuhin more than RT window and be mi.<-identified unless the RRTwindows arc made ''"Y 
fllJrf'fJw, u.v in Table 2. Therefore, conslstmcy of the RT and RRT with other conxmers and the 
labeled compounds IIUJ.Y he rt:qrun<tl for ngorous con/l,ener Identification. Retenttrm lime 
rewession analysis may aid in this ldentijicutum. 

16.5 Because of consencr ovcl'iap 11nd the potential for interfering substances, 111~ ll<'"•ihlc 
that all of the identif1cnt10n en ten a (Sections 16.1-16 4) may not be met. lt 1s also 
pos.~iblc thmloss of one or moro chlorines from a highly chlorinat.cd congener may 
1nflate or produce a false conct:nrration for a less-chlorinated congener !hill elutes Ill the 
same retention time. If 1denuficlll10n is ambiguous, an experienced spectromecnst 
(Section I 4) must detennine the presence or absence of the conscncr 

16.6 U'lhe cntena for idcntif1CIIIion in Sections 16.1-16.5 are not met, !he CB has not been 
idenufied and the result for t!UII congener may not be reported or used for pernumng or 
regulatory compliance purposes. If Interferences preclude ic:k.'l'ltiliC!dion, a new aliquot 
of !18m pie must be extracted, funher cleaned up, and analyzed. 

17.0 Quantitative determination 

17.1 Isotope dilution quantitation 

17 .1.1 By addu1g a knownamuunt nf the l.abeled Toxics/LOCJwindow-defining 
compounds to every Sllmple pnor to extraction, corrt:etion for recovery of the CB 
can be made because the native compound and 1ts labeled Bnalog cxluhit similar 
effects upon cxtnK.tion, concentration. and gas chromatography KelQliVe 
responses (RJU) are used m eonJwletion with the calibration data in Section 10.4 
to determine concentnlllons in the final extract, so lo1J8 as labeled oompound 
spiking l<:vcls are cnnt<tant 

17.1.2 Compute the concentrllllOns 1n !he estract of the NHtive Toxics/LOC CBs using 
the RRs from the calibration data (Section 10.4) and followmg cquat1011 

• (AI - A2) (.'1 

C~ (t~/1/miJ • (A I; • A1) RR 

when:: 
c~:L = Thf! COitCt.mtrOiiOtr of lht PCB hl the extract, and IIH: 

nther tern11 o~ Ill defined In Section /0.5./ 

17.2 lniemal srandard quanutatJon ond labeled compound recovery 

17 .2.1 Compute the concentmions in the extraa of the native compounds other than 
those in the Noove Tox1esiLOC starulatd, in the Udx:lcd ciCitllup stlUidard, and 
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m the Labeled 1njer..1ion internal standard (e>«:ept for labeled CD 178) usmg the 
response f:~Ctors dctc.mined rrom the calibration d1lla (Section I 0.5) and the 
following equation: 

C
0 

{ng!mfJ 

w/wft'. 

(AI,+ A2) c:. 
(AI• • A1.) RF 

1,. - 1'Jte COIICI!nlrai/On of the labeled ct>mpound in the CX/ruct. 
71~e otl~er ,.m1s aro defined m Sec11on 1/).6 I 

17 .2.2 Usu1g the concentration in the extract detennincu Hbove, compute the percent 
recovery of the Labeled Toxicsll.OCiwindow-defining CBs anu the Labeled 
cleanup standard CBs using the following equation: 

Recovery (%) • Conctmmtlon ,found (fi!tm!.J x 100 
Concentmllon spiked {(Jg!mlJ 

17.3 The conCC11tratiun of" native CB in the sohd phase of the ""'nple is computed usmg the 
concentration of the compound in the extnoct and the weight of the solids (Section 
11 2 2 1), as follows: 

Concemmr/on in solid (nw'/W • 
(CG X V.) 

w 
' wlwre: 

C. • 'Jhe COIICI!ntmrion of tht compound in the U{f'U<:I. 

V u = The e.rlracl J'fllume in mL. 
W, • The xumpl• weight (dry weight) in lrg. 

17.4 The concentration of a nOIIVe CB in the "'luwus phase of the sample IS computed u_.ang the 
CO<lccntration of the compound in the extrOCtorld the volume of water extracted (Secuon 
11 .4), as follows. 

{Cu X V.) Conc€nlration in nqueous phase (p)I/L) • 
v 
• where: 

C., • 17te CWk't!nlrutwn of the rompound in the cxtmct. 
V,. - '/'he exlrncl vvlume m mi .. 
v, 111c sample vo/umt~ in liters. 

17.5 If the StCP area at etthet quantitaticm m/7 for any congener exceeds the calibration range 
of the system, dilute the sample extr3CI by the fH<.10r necessary to bring the concenlllllion 
wttlun the calibration rnnge, adjust the concentration of the Lohcled injection Internal 
~1andard to 100 pg110L m the extract, onu unHly>..e an aliquot of this diluted extract. If the 
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CDs cannot be meaqw·cd reliably by isotope dilution, dtlute and !lllalF.e an aqueous 
sample or analyze a smlliler portiun uf a soil, tissue, or mixed·pha-;c sample Adjust the 
CB congener CO!lGelltrations, detection lunoLq, and minimum levels to account for Lhc 
dliuuon. 

17.6 Results are reported to three sogmJicant ligurc.• for the CBs and labeled compounds 
found in all b1andards, blanks, and samples. 

17 .6.1 Repomng wul.ll and levels 

17.6 .1.1 Aqueous samples RCJxlrt results in pg/1.. (parrs-per-quadnUton) 

17.6 .1.2 S!IITiples containing greater than 1% solids (soil~. sediments, filter 
cake, compost)- R•1mrt results in nglkg based on the dry weoglot ur 
the sample. Report the pco·ccnl solids w that the result may be 
converted to aqueous units. 

17.6 .1.3 l'tssues Report result• in ng/kg of wee tissue, not on the basts of 
the lipid oontent of the nssue. Report the 1x:nx:nt lipid content, so 
that the data user can calculate the concentratoon on a lipid habis if 
desored. 

17 .6 .1.4 Reporting leveL 

17.6.1 .4 .1 Result• !tlx>Ve the minimum level of quantitallon (ML) 
are reponed for the anlliysis of blanks, standards, and 
samples The estimated minomum levels (EMLs) in 
Table 2 are based on common laborlllory contammatoon 
levels. i\ laboratory may establish an ML for a CU 
lower than the l!MLs m Table 2. MLs may he 
established as low as the lowest cllitbrnuon point (T..blc 
5) p!Ovitk:d tlut! the concentration of the oongener m a 
mtrumum of 10 blanks for a sample medium (e.g , water, 
soil, sludge, tissue) is signifiCDiltly below tile EI\1L m 
Table 2. Significant means that the ML for the oongener 
is no less thnn tl1e average (mean) plus 2 standard 
deviations above the level in the mmnnum of 10 blanks 
(Refert'llcc 20) The blanks must be analyzed during the 
same pertod thai the sample is analyzed, ideally over an 
approximately !·month per1od 

17.6.1 .. 4 .2 Standruds (VER, fPR, OPR) Mnd samples-Repon the 
result for each congener at or above t11e ML (or EML 
Table 2) 10 3 significant figures. Repon results below 
the ML (or l!M.L) as <ML (where ML is the 
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concentration at the ML) or as requtred by the 
regulatory authority or permit. 

17.6.1 .4 .3 Blanks-Report results above the ML (or F.M I. ) to 3 
significant figures. Report results below U1c ML hut 
above tl1c MDL (or EMDL) to 2 significant figures. 
Report results below tl1c MDL ns < Ml11. (where MOL is 
the concentration at the MDL) or ns required by the 
regulatory authority or permit. 

17 .6.1 .4 .4 A lank correction-Blank-corrected results may he 
r~1•nrtccl in addition to reporting of sepor01e results for 
samples (Section 17 .6.1.4 I) and blanks (Section 
17 6 1.4.2). The recommended proccdwc for blank 
correction (Reference 20) is that a resultts stg,ulicantly 
above the blank level, and the level in the blank may be 
subtracted, if the result is greater than the mean plus 2 
standard deviations of results of antllyscs of I 0 ,,. mnre 
blanks fur • sample medium. 

17.6.2 Results for a CAin a sample that has been dtluted are repo1tcd ut lhc least dilute 
level at which the ruca at the quant.itation rn/z is \\~thin the calibrnUOll rnnge 
(Section 17.5). 

17.6.3 For a CB luivinl!" labeled analog. report results at the lenst dilute level at which 
the area o1 the quant1tatiun rn/7. is within the calibration range (Sec:lloll 17.5) and 
the l:!Mied compound recovery IS w1thin the numutl range for the \ofethod 
(Section 9 3 and Table 6) 

17 .6.4 If requested, the tOUII OOI!Caltration uf all congeners at a given level of 
chlorination (i.e., total TrCU, total Pe<:B, total fuCB) may be '~'P'•rted by 
swnmmg tltc oonccntndiun~ of all congeners identified at that UX.:, u1clud1ng 
both the TO>OC$ and ot11er congeners. 

18.0 Analysis of complex samples 
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16.1 Some samples may contain hi!jh levels ('>10 ng/L; > 1000 nglkg) of the compounds of 
interest, interfering compounds, and/or polymeric materials. Some extracts may not 
concx:ntratc tu 20 , 1. (Section 12 7); others may overload the UC column and/ur mliSs 
spectrometer. Fragment iolll< frum congeners at higher levels of chlonnatton may 
interfere with determination of congeners at lower levels of cWorination 

16.2 Analyze a smalleuhquot of the sample (Section 17 5) when the extract will not 
concentrate to 20 JJL after all cleanup procedures bave been exhausted If» smaller 
a!Jquot of so1ls or rnixcci-Jih,..,., samples is analyzed, attempt to assure thot the sample is 
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representative. 

18.3 Perfc,., integration of peak areas and calculate conccntflltions manually when 
1ntcrlbl'cnces preclude computerized calculations. 

18.4 Severallaboratones have reported that ~kgrow1<ls of many of the CB congeners are 
diffiwh to eliminate, and that these backgrounds can interfere with the delenmnHlion of 
the CBs m environmental samples. Btwkgrounds ofToXJCS w1th fliPAC numbers lOS, 
114, 118, 123, 156, 157, and 167 are common. The effects ofcontammation un results 
fur these congeners should he underslood in order to make a reliable determmouon. 

18.5 Recovery oflabe1ed compounds- In most """'pies, recovenes of the labeled compounds 
will be Similar to those from reagent water or from the alternate matrix (Secllon 7 6) 

18.5.1 If the recovery of any of the labeled compounds IS ouL~ide nf lhe normal ran)l,e 
(Table 6), n diluted sample must be anu1yzed (Section t7.5). 

18.5.2 If the recovery of any of the labeled compounds 10 the diluted sample IS outs1de 
of normal range, the calibration vcnfccation standard (S«t1on 7 . I 0. I 11r1d Table 5) 
must be analp.ed and calibration venfied (Section I SJ). 

18.5.3 lfthe calibmtton CQJlnot be verified, a new cal1brauon mu~l. he performed and the 
uri15inal sample extract reanaly~cd 

18.5.4 If the calib<alion i$ verified and the diluted sample does not meet the hm1ts f01 
labeled compound recovery, the Merhod does not apply to the sample being 
Malyzcd nod the result may not be reported or used for permirting or rcgul&tnry 
comphancc pwl><"cs In this case, alternate extractinn and cleanup procedures 
in this Method or an altenuuc GC column must be employed to re,..Jive the 
mterfcrence If all cleanup procedures m this Method and an altetrulte GC 
oolumn ha•c hu::n employed and l3beled compound recovery remains OUISJde of 
the normal range, exli'8Ction .,dfor cleanup procedures that are beyond this 
scope of this Method wtll be requi1cd In analyze the sample. 

19.0 Pollution prevention 

19.1 Pollution prevention enoompasses any technique that reduces or eliminaJ.cs tl>e qunntity 
or tOXICity of waste HL the point of generation. Many opportuniries for pollution 
prevention exist m laboratory operation EPA has esrabhshcd a preferred hierarchy of 
<:nvirunmental management techniques thw. pia= pollution prevention as tl1c 
management option of firSI choice. Whenever feasible, lahorata<y personnel should use 
pollution prevenuon teduuques to address waste generation. When W8Sll:s e11r1001 be 
reducod feasibly at the source. the Agency recommend• recycling as the next best option. 

19.2 The CBs in this Method arc used in extremely small amounts Olld pose little threat to the 
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environment when managed properly. Slittldards should be prepared in volumes 
consistent woth laholnttory use to minimize the di;posal of excess volume~ of expired 
•t"ndards. 

19.3 r or infolllUliJon llhout pollution preventJon that may be apphed to labundories and 
research instituuons, consult I"'"·' ts Better: LAboratory Chemtcal Management ji1r 
WaJte Reduc:twn, available Ji·om the American Chemical SociL'Iy's Department of 
Govenunc<llal Relations and Science Policy , II SS 16th Street NW, Wa:<hington DC 
20036, 2021872-4477. 

20.0 Waste management 

21 .0 
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20.1 The laboratory os responsible fnr complying With all Federal, State, and local regulallon• 
go•cming was1e management, parucularly the hazardous waste odentilicH!ion noles and 
IMd dosposalr·cslrictions, and to protect the an·, wllter, and land by mirunm:.ong and 
controlling all releases fi·um fume hoods and bench operations Compliance is also 
required with any sewage drschruge permits 1111d regulations. An overview nf 
rcqwremcnts can be found in Em•lronmcmal Manugement Guide for Sma/1/.aboralttnes 
(!!I' A 233-B-98-001 ). 

20 .2 S>lmples containing HCI or H,SO, to pH <.2 are hazardous and must be nculralized 
before being poured down a drain or must be handk-d "" ha?.ardoos waste. 

20.3 The CAs decompose above 800 ·c. Low-level waste such as absorbent pur~. tissues, 
animal remains, and plastic gloves may be burned in an appropriate inconerator. Oros~ 
quantities (mollig~ams) should be packaged securely and dispused of through commercoal 
or governmental channels that rue capahle of handling extremely toxic wa.'llcs 

20.4 Loquod or :;uluhle waste should be dissolved on methannlor ethanol and irrndoated woth 
ultraviolet hght woth a wavelength shorter than 2!10 nm for several days. Use F40 BL or 
equivalent lamps. Analyze loquid wa'lle.~, and dispose of the solutions when the CBs can 
no Iunger be detected. 

20 .5 For further informatiOn on wa.'ltc m!lllagement, consult The Waste Management Man11al 
Ji>r l.uhorutory l'e.rsonnel and Less is &ttcr-l,it/mrutory Chemic.al Manal{emcnt for 
Waste Reduction, available from the AmeroC.ntl ChcmiCHI Society's Departmem of 
Government Relallons and Sci~'fiCe Policy, I ISS 16th Street N.W .• Washington, D.C. 
20036 

Method performance 

Method 1668A was vwidated and preliminary data were collCL1cd in 11 single laboratory 
(Reference 21 ). 1 he ongJnal version of Method 1668 was validated m two singlc-labo.lndory 
studoes. Figure 8 is" chromatogram showing method pcrfonnllllce at each level of chlonnlll.oon. 
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23.0 Tables and Figures 

Table I. Names, lmernatiooal Union of Pure and Applied Chemistry (IUPAC) nwnbm, and 
l'AS Registry nwnbers for native and labeled chlorinated biphenyl (CB) congeners determined by 
isotope dilution and internal standard H ROC/HRMS. 

IUPAC CAS rl'Miilry IUPAC CAS re~ti•try 
CB c.ouacner' number numbfr· Lnbeled analol( onRIO£ numbe•· 

2-MoCB I 2051·60· 7 "C,,-2-MoCR' 1L 234432-85-0 
3-MoCB 2 2051 -6 1-8 
4-MoCU 3 2051 -62-9 "C, -4·MoCJJ1 3L 208263-TI-8 

2,2'-DICB 4 13029-08-8 "C, -2,2'-D•CB' 4L 234432-86-1 

1-
2,3-DiCB 5 16605-9 1-7 
2,3'-DiCB 6 25569·8~ 

2,4-DiCB 7 13 2.84. 5(). 3 
2,4'-DiCB' 8 34883-43-7 
2,5-DICD 9 34883-39-1 "C, -2,5-DICD' 9L 250694-89-4 
2,6-DICB 10 33146-45-1 
3,3'-DICB I I 20~7-1 

1- 3,4-DiCB 12 2974-92-7 
3,4'-DiCB 13 2974-QO-~ 

3,5-DiCR 14 34883-41 -5 
4,4'-T>iCB 15 2050-68-2 "C, -4,4' -OiCH' -15l. 208263-67-6 

2,2',3-TrCB 16 38444-78-9 
2,2',4· TrCB 17 37680~6-3 

I-
2,2',5-TrCB' 18 37680~5-2 

2,2',6-TrCB 19 38444-73-4 "C.,-2,2',6-TrCB' 19L 234432-87-2 
2,3,3'-TrCB 20 38444-84-7 
2,3,4-TrCR 21 55102-46-0 
2,3,4'-TrCD 22 -38444-85-8 
2,3,5-TrCU 23 -Hn().44..() 
2,3,6-TrCB 24 55702-45-9 

1-
2,3',4-TrCB 25 55712-37-3 
2,3',5-TrCB 26 38444-81-4 
2,3',6-TrCB 27 38444-76-7 

2,4,4'-TrCR' 2M 701 2-37-5 "C, -2,4,4'-TriCB' 2KI. 208263-76-7 
2,4,5-TrCB 29 I 5862·07-4 
2,4,6-TrCB 30 35693-92-6 
2,4',5-TrCB 31 16606-02-3 

1- 2,4',6-TrCB 32 38444-77-8 
2',3,4-TrCB 33 38444··86-9 
2',3,5-TrCR 34 3768~8-5 

3,3',4-TrCR 35 3768~U 

3,3',5-TrCB 36 38444-87-0 
3,4,4'-TrCB 37 38444-Q0-5 ' 'C, -3,4,4'-TrCB' 371 . 208263-19-0 
3,4,5-TrCB 38 53555-66-1 
3,4',5-TrCB 39 38444-88-1 

2,2',3,3'-TeCB 40 38444-93-8 

69 



Method 1668, Revision A 

IIJI'AC CAS rttisto·y JUPAC CAS rea:istry C.B con:ener' number nwnbtr Labtled analog llnalo,: nuw..ber 
2,2',3,4-TeCB 4 1 52663-59-9 
2,2',3,4'-TcCB 42 36SS9-22-5 
2,2',3,5-TeCB 43 70362-46-8 

2,2',3,5'-TeCU' 44 41464-39-5 :--
2,2',3,6-TeCll 45 10362-45-1 
2,2',1,6'-TeCB 46 41464-47-5 
2,2',4,4'-TeCB 47 2437-79-8 
2,2',4,5· TdcB 48 70362-47-9 
2,2',4,5'-TeCB 49 41464-4().8 
2,2',4,6-T eCB 50 6~5-0 

2,2',4,1>'-TeCll 51 68194-04-7 
2,2',5,5'-TeCB' 52 35693-<W-3 ''C, ,-2,2',5,5'-TeCB' 52L 208263-XO·J 
2.2',5,6'-TeCB 53 414M-4 l·9 
2,2',6,6'-TeCB 54 15968.05-5 ''C,,-2.2'.6,6'-TeCB' S4L 234432-88-3 
2,3,3',4'-TcCB 55 74338·24-2 
2,3,3'.4'· TeCR 56 41464-43-1 
2,3,3',5-TeCB 57 70424-67-8 

2,3.3'.5'- feCD 58 41464-49-7 
2.3,3',6-TeCB 59 74472-11-{) 
2,3,4,4'-TeCB 60 31025-41·1 
2,3,4,5-TeCB 6 1 332ij4-H ·6 
2,3,4,6-TcCB 1>2 54230-22-7 
2,3,4',5-TeCR 63 74472-34-7 r-
2,3,4',6-TeCll 64 52663-5&-8 
2,3 ,5 .6-TeCJJ 65 33284-54-7 

2,3',4,4'-TeCB' 66 3259R-10·0 
2,3',4,5-TeCB 67 7157~·53-8 
2,3',4,5'-TcCB 1>8 73575-52-7 
2,3',4,6-TeCB 69 60233-24-1 1--
2,3',4',5-TeCB 70 32598-11-1 ·-
2,3',4',6-TeCU 71 41464-46-4 
2,'1',5,5'-TeCB 72 41464-42-0 
2,3',5',6-TeCB 73 74338-2-l-1 
2,4,4',5-TeCB 74 321>90-93.0 
2,4,4',6-TcCB 75 32598-12-2 
2',3,4,5-TeCR 76 70362-4&-0 1- 3,3',4,4' .. T eCBu 77 32598-13-3 uc ,-z-3,3',4,4'-TeCB41 771. I 05600-23-5 1-
3,3',4,5-TeCB 78 70362-49-1 
.1,.1'.4,5'-TeCB 79 41464-48-1> 
:1.1'.5,5'-TeCB 80 33284-52-5 
3,4,4',5-TeCJJ' 81 70362-50.4 11

( 12-3,4,4\S-Tef.B7 81(.. 208461-24-9 
2,2'.1,1',4-PeCB 82 5261>3 -62-4 
2,2',3,J',5-PeCB 83 60145-20-2 
2,2',3,3',6-PeCB 84 52663-{)0-2 
2.2',3,4,4'-PeCB 85 M S 10-45·4 

-2,2',3,4,5-PeCB 86 55J 12-69·1 
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JUPAC CAS regisiJ·y (UPAC CAS retish-y 
C6 (00&ellt1' 0 numher number Labeled xn•l•e aualog numbt.r 

2,2',3,4,5'-PeCB 87 38380-02-8 
2,2',3,4,6-PeCB KK 55215-17-3 
2,2',3,4,6'-PeCR 89 73575-57-2 

-2.2'.3,4',5-PeCD 90 68194-07-0 
2,2',3,4',6-PeCB 91 68194-05-8 
2,2',3,5,5'-PeCB 92 52663..01-J 
2,2',3,5,6-PeCB 93 73575-56-1 
2,2',3,5,6'-PeCB 94 73575-55-0 
2,2'.3,5',6-T•eCu 95 38379-99-6 
2.2',3,6,6'-PeCD 96 73575-54-9 

-2,2',3',4,5-PeCB 97 41464-51-1 
2,2',3',4,6-PcCB 98 60233-25-2 
2,2',4,4',5-PeCB 99 18380-01-7 
2,2',4,4',6-PeCB 100 39485-83-1 
2.2'.1.5,5'-PeCD' 10 1 37680-73-2 ncn-2,2',4,5,5'-PeCB~ I OIL 104130-1'1-4 
2,2',4,5,6'-PeCB 102 68194-06-9 
2,2',4,5,'6-PeCB 103 60145-21-3 
2,2',4,6,6'-PeCB 104 56558-16-8 ' 'C,-2,2',4,6,6'-Pe<'R' l(l4L 234432-89-4 

2,3,3',4,4'-PeCB"' 105 12598-14-4 ' 'C,-2,3,3',4,4'-Pe('R' 105L 208263~2-1 
2,3,3',4,5-PeCR lOb 70424~9-0 

2,.1,3',4'5-'PeCB 107 70424-68-9 
2,1,1',4,5'-PeCil 108 70362-41-3 
2,3,3',4,6-PeCB 109 74472-35-8 
2,3,3',4',6-PcCB 110 38380-03-9 
2,3,3',5,5'-PeCB Ill 39635·32-0 ' 'C11-2,3,3',5,S'-PL<1l' IIIL 235416·29-2 ·....::;;...:. 
2,3,3',5,6-PeCB 112 74472-36-9 
2,3,3',5',6-Pe('U 113 68194-10-5 
2,'1,4,4',5-PeCB' 114 74472-37-0 " C.,-2,3,4,4 ', 5-PeCB' 114L 208263-63-2 
2,3,~,4',6-PeCD 115 74472-38-1 
2,3,4,5,6-PeCB 116 18259-05-7 
2,3,4',5,6-P<.<:B 117 68194-11..0 

10413~ 2,3\4.4',S.PeCBJ,6> 118 31508-0().6 "C,,-2,3',4,4'.5-PeCB' 118L 
2,3',4,4' ,6-PeCR 119 56558-17-9 
2.3',4,5,5'-Pe('ll 120 68194-12-7 
2,3',4.~.'6-PeCB 121 56558-18-0 
2',3,3',4,5-PeCB 122 76842-07-4 
2',3,4,4',5-PcCB~ 123 65510-44-3 11( 11-2',3~4.4',5-PLoCB ' 12.11J 208263-64} 
2',3,4,5,5'-PeCB 124 71l424-7(). 3 
2",3,4~5,6'-PeCR 125 74472-39-2 

.1,3',4,4',5-PeCU,. 126 57465-28-8 "C,,-3 .3'.4. 4',5-PeCil'-1 126L 208263-65-4 
3.3',4,S,S'·PeCR 127 39635-33-1 

2,2',3,3',4,4'-HxCfl' 128 38380-07-3 
2,2',3.3' ,4,5-JJxCil 129 55215-1 8-4 
2,2',1,1',4,5'-HxCB 130 52663-66-8 
2,2',3,3',4,6-~Jx(D 131 61798-7(). 7 
2,2',1,1',4,6'-HxCB 132 38380-05-1 
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fliP A<.: CAS regi•try IUPAC CAS reglstry Cll ronrenel'' number 11U1Ubcr Labded AJtaloa analog number 
2.)',3,3',S,S'·HxCB 133 35694-04-3 

f.-
2,2',3,3',5,6-llxCU 134 52104-7(}.8 

2,2',3,3',5.6'·llxCD 135 52744-13-5 
2,2',3,3'.6,6'-HxCB 136 :IK411·22·2 
2,2',J,4,4',HixCB 137 35694·06-5 

2,2t,3,4,4',S'·HxCBJ 13~ 35065-28-2 I)C,l-2~'.3.4,4',S'-HxCB" 138L 208263-66-5 
L- 2,2',3,4,4',6-HxCB 139 5603(}.56-9 

1- 2,2',3,4,4',6'-HxCfl 140 59291-64-4 
2,2',3,4,5,5'-llxCU 141 52712-04-6 
2,2',\4.5,6-llxCB 142 4 141 1-61-4 

2,2',3,4,5,6'-HxCB 143 hKl94-15·0 
2,2',3,4,5',6-HxCB 144 68194-14-9 

!---
2,2',3,4,6,6'-HxCB 145 74472-40-5 

2,2',3,4',5,5'-HxCB 146 51908-16-8 
2,2',3,4'5,6·1lxCD 147 68194-13-8 

2.2',3,4',5,6'-HxCB 148 74472-41-6 
2,2',:1.4',5',6·HxCB 149 38380-04-0 
2,2',3,4' ,6,6'-HxCB ISO h8194-08-J 
2,2',3,5,5',6-HxC"B 151 52663-63-5 
2,2',3,5,6,6'-HxCB 152 68194-09-2 

2,2',4,4',5,S'-I IxCB' 153 35065-27-1 
2,2',4,4',5',6-HxCB 154 60145-22-4 
2,2',4,4',6,6'-HxCB 155 11979-03-2 " C,.-2.2',4,4',6.6'·HxCB' 155L 234432-'10-7 
2,3,3',4,4',5-HxCB• 156 3838(}.08-4 " C,,-2,3.3'.4,4',S· HxCB' 156L 208263-68-7 
2,3,:3",4,4',5'-JUCBI) 157 69782-90-7 " C11-2,3,3',4,4',5'·HxCB' 157L 2.!54 Ill-3(}. 5 

I-- 2,3,3'.4.4'.6-Hx~ 158 74472-42-7 
2,3,3',4,5,S'·HxCH 159 39635-35-3 
2,3,3',4,5.6·1lxCO 160 41411-62-5 

2.3,3',4,5',6-HxCB 161 74472-43-8 
2,3,T,4',S,S'·HxCB 162 1%35-34-2 
2,3,3',4',5,6-HxCB 163 74472·44-9 
2,3,3',4',5',6-HxCR 164 74472-45-0 
2,3,3',5,5',6-HxCR 165 74472-46-1 
2,3,4,4',5,6-lllcCU 166 41411-63-6 

2,3',4,4' ,55·1lxCO' 167 52663-72-6 1 ~Cil·2,3',4.4',S,S'-HxCR1 167L 208263-69-8 
2,3',4,4',5',6-HxCB 168 59291-65-5 

3 ,3',4,4',5,5'-HxCB'' 169 32774-16-6 "C11·3,3',4,4',S,Y-IIxCUl' 169L 208263-70-1 
2,2',3,3',4,4',5-HpCB' 170 35065-3(}.6 

~ 
2,2'3,3',4,4',6-HpCR 171 52663-71-5 

2,2',3,3',4,5,5'·1 lpCfl 172 52663-74-8 
2,2',3,3',4,5,6-HrCfl 173 68194-16-1 

2,2',3,3' ,4,5,6'·1 lp('ll 174 38411-25·5 

~ 
2,2',3,3' ,4,5',6-1 fpC II 175 40186-7(}.7 
2,2',3,3',4,6,6'·1 lnCU 176 52663-65· 7 
2,2',3,3',4',5,6-1 lpCU 177 52663· 7(}.4 

L_ 2,2',3,3',5,5',6-liD<: o 178 52663-67-9 ''C,r2,2',3,3',5,5',6-•TpeR' 178L 232919-67-4 
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Me thud 1668, Rewsion A 

IUPAC CAS ~cistry IUPAC CAS ~istry 
CU congtne•~ uiUllbe.r number l .abtltd Malog anal01: numher 

1-
2,2',3,3',5,6,6'-HpCB 179 52663-64-6 

2,2',3,4,4\5,5'-HpCB3 180 3501\S-29-1 
2,2',3,4,4',5,6-Hp(:B 181 74472-47-2 
2,2',3,4,4',5,6'-HpCB 182 60145-23-5 
2,2',3,4,4',5',6-llpC:ll 183 52663-69-1 
2,2',3,4,4',6,6'-HpCB 184 74472-48-3 
2,2',3,4,5,5',6-HpCB ISS 52712-05-7 
2,2',3,4,5,6,6' -HpCB 186 74472-49-4 

2,2',3,4',5,5',6-HpCB' 187 52661-68-0 
2,2' .3.4',5,6,6'-HpCB 188 74487-85-7 " C , -2,2',3,4',5,6,6'-HpC:B' 1881. 234432-91-8 
2,1,1",4,4',5,5'-HpCB-6 189 39635-31-9 "C,.-2,3,3',4,4',5,5'-HpCR'-7 18'1!.. 208263- 73-4 
2,3,3',4,4',5,6-HPCB 190 41411-64-7 
2 .. 3,3',4,4'.5',6-HpC-B 191 74472-5~7 

2,3,3',4,5,5',6-HpCB 192 74472-Sl -8 

2,3,3'.4'.5,5'.6--HpCB 193 69787-91-8 
2 ,2',3,3',4,4',5,5'-0cCR 194 35694.08-7 ''Ct:~-2,.2',3,3',4,4',5,5'-0cCB4 194L 208261-74- 5 
2,2',3,3',4,4',5,6-0<:CB' 195 52663-78-2 
2,2',3,3',4,4',5,6'-QcCB 196 4274().50-1 

-2,2',3,3',4,4',6,6'-0cCB 197 33091-17-7 
2,2',3,3',4,5,5',6-0cCB 198 68 194-17-2 
2,2',3,3',4,5,5',6'-0cCB 199 52663-75-9 
2,2',3,3',4,5,6,6'-0cCB 2 00 5261>3-71-7 

2,2',3,3'.4,5',6,6'-0cCB 201 40186-71-8 
2.2',3,3',5,5',6,6'-0cCJJ 202 2136-99-4 " C, ,-2,2',3,3',5,5',6,6'-0cCB' 2021. 105600-26-8 
2.2'. 1,4.,4',5,5',6-0eCD 203 52663-76-0 -2,2',3,4,4',5,6,6'-0cCB 204 74472-52-9 
2,3,3',4,4',S,5',()..()cCB 205 74472-53-0 uc,:-2,3,3',4.4',S,5',6--0cCB" 205L 234446-64-1 

2t2',3,3',4,4',S,S',&.NoCB, 206 401116-72-9 11(:1r2,2',3,3',4,4',S,S',6-Xoe8 1 206L 20821>3-75-6 
2t2',J,l'.4.4',S,6,6' -NoCB 207 52663-79-3 
2,2' ,.l ,.l' ,4 ,S .5' ,6,R -NoCll 208 52663-n-1 I 'C,!"2.2',3,3',4,S~5\6.6' -NoCB1 201!1.. 234432-~-~ 

DeCD' 209 2051-24-3 ''C,·DeCB' 209!.. 105000-27-9 

A bbreviarions for chlorination levels 
Mt~C.B monochlorobiphenyl 
UiCB dtchlorobiphcnyl 
TrCB • trichlorobiphenyl 
TcCR tetracblorbiphenyl 
Pe<.:B - penlachiOI'ubiphcnyl 
HxCB & hexachlorobiphenyl 
HpC.B heptachlorobiphenyl 
OcCiJ octa:hlorobiphertyl 
NoCB ~ nonachlorobiphenyl 
L>e<:B - decachlorobiphmyl 

2 l.abeled level of chlorination (LO<.:) wmdow-dcftning congener 
3. NOIJonal Oceanic and Abnospheric Adminisiration (NOAA) congen~ of interest 
4 Labeled injection mternal standard 
S Labeled clean-up standard 
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6 World Health Org11niuuion (WHO) toxic congener 
7 Labeled analog of WHO tnxic congener 



Method 1668. Rnmon A 

Table 2. Retention times (RT), RT references, relari\'e retention times (RRTs), estimated method detection limits (EMDLs), and estimated minimwn 
levels (EM.Ls) for the 209 CB congeners on SPB-Octyl. 

a 
No.•l n ;PAC No. a) 

' ..m~c9L 
c 

RT Ret' I RTI' I RRT' I RRTlimilS' ,-;:;-1 
DiCB) as I 

I I IL 13 44 1.0012 0.9951-1 0073 - 10 IL 82 200 8 20 10 
I 2 JL 16 08 0.9878 0.9847-0 990S 6 lUlL 4 10 0 4 I 0.5 I 
I 3 3L 16 21 1.0010 0.9980-10041 .. 6 _ 3L 88 _ _200 9 20 . 10 

2 4 4L 16.40 1.00 10 0.9960-1.0060 10 4L 172 500 17 50 20 
2 10 4L 16:53 1.0140 L.OII 0-1.01 70 6 4LIISL 22 SO 2 5 2 I 
2 9 4L 18:55 1.1361 l.l331·1.1391 6 4UISL 20 SO 2 5 2 
2 7 4L 19:07 1.1481 1.1451-I .ISI2 6 I 4LIISL I IS I so.,. 2 
2 6 4L 19:26 1.1672 1.1642-1.1702 6 I 4LIISL I 13 I SO I I I J ~ I 
2 5 4L 19 48 1.1892 I 1862-1.1922 ' •• " '' " <ft • • • ~ 
2 1 8 1 4L 1 19:56 · 1 19n 1 1 1942-1.20021 6 1 4UISL 1 121 soo 1 12 1 so 1 20 1 2 14 15L 21 :42 09267 09246-0.9288 6 4LIISL 31 100 3 10 5 
Tt---i-:i---+-~r--f;mrr7;1;;~+-'Ro.ii96~7,;,3·-;;o.7>97icili'srl ---i-+-----4;;;U~I51._ .. 1 . 1os _ __1()()_J 10 1 2~ 1 10 0.9822-0.986 I 4 I 

. • ISL 23:06 0.9865 0.9843-0.9886 6 4Lil 'Tl 13112 I 15L 23'04 0.9851 0.9829-0.9872 6 4Lil 
28 I 100 3 10 5 

2 _L IS J JSL 23:26 1.0007 0.99n-I.0043 10 ISL 183 I soo 18 so 20 

1 3 19 19L 20:19 1.0008 0.9967-1.0049 10 19l 42 100 4 10 5 1 
I 3 JO 19L _ 22:15_ 1.0961 1.093 6-1.098~ 6 l9U37L 
[I 18 19L 22·23 1.1026 1.1002- 1.1051 6 19U37L 175 SOO 17 SO 20 
I 3 30118 19L 22 19 1.0993 1.0969-1 1018 6 19l/371. I 

• ·7 19L , 22 49 1.1240 1.1215-1 1264 6 19U37L 86 200 I 9 20 ·• 
) 27 1.1355-1 1404 19UJ7l 20 1v 
3 24 1.1420.1 1470 19UJ7L 'ft lft 

3 I 16 I 19L 123 25 1 1.15351 1.1511-1 15601 6 I 19!)37L I 35 1 '00 I 4 I'' 3 32 19L 24S7 1.2291 1.2266-1.23 15 6 19L/37L . 84 200 8 21 
J I 34 - T 19L 125:17 I 1.2455 I 1.2430- 1.24791 6 I 19Ll37L I 74 I 200 I 7 I 20 
3 l 23 I 19L 125:26 1 1.2529 I L.2S04-1.25531 6 I 19L/37L I so I 200 l 5 I 20 

5 
11) 
10 
10 

iJ 
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a 
I No.' 

l=t= 

8;: 
I+ 
1-+-

3 
3 

T 

1 
I 

T 
2 
3 
3 

IUPACNo. u 
29 

RT Rtf" RRT' 
1.2701 

U.!29 
25 

~l 125:48 I 1.21( 

31 
28 
20 

2&!20 
2i"" 

l7L 126:44 1 0.8578 
37L 26:49 0.8604 

0.85! 
0 86. 

33 
21133 

22 
36 

39 

l7l 
1

27:01 I o 86j 
l7l • 26:59 0 86~ 
37l 127:291 0 881 
l7L 0.93. 
l7L 0.941 

96 
98 

1.000 
led Compouads 
IL I 9L I 13:431 0.7257 
JL I 9L 116:20 I 0.81 
4L 9L 16:39 0.881 0 

-~ 

ISL I 9L 123:25 I 1.2390 
19L I 9L 120:1181 1.0741 
37L I S2L 131:10 I I 0803 

'using 52L (''C,;e2,l',!i,!i'-TeCB) a3 ' 
CB • 

RRT 1imin' I (tee)' 
.27• 

...;..:;;:;;;...;.. 27 
I ,2668-1. 

-0. 

rtfereocr' 
17L 

Li37l 

0.8551-0.86041 10 I 19U37L 
0 8578-0.863 1 10 19U37l 

._ Jonli:mits and minimum levels a 

Malrix IUid .-- -- - - · · · 

83 200 8 20 10 

ss I 200 I 5 I 20 I 10 
152 I 500 I 15 I so I 20 

192 I 500 I 19 I 50 I 20 
0 8567-0.8620 10 19l/37l ' 
0 8626-0.8679 10 19 7l 
0 8642-0.8695 10 51 I 200 I s I 20 I 10 
0.8631-0.8684 10 I! 
n AA0?-0 RR1,j I 6 19Li37L I 90 I 200 I 9 I 20 I 10 
0.9316-0.9348 I?L - 79 200 8 20 10 

. .• .•. _ .. . 37L 85 200 9 20 10 
l 9695 6 I 19LiJ7L 83 200 8 20 10 
l.98661 6 I 19L/37L 77 200 8 20 10 
1.0021( 6 1 37L 1 132 1 soo 1 u 1 so 1 zo 

o.7125-0.n901 10 I I I 
0,8510-1 
0,86T 

.2302-
I 0608-1.0873 I 3 
I 0716-1.08901 3• 

9L 
52L 

4 I 54 54L I 23:51 I 0007 0.9972-1.00421 10 I 54L I 118 I 500 I 12 I 50 J 20 1 

58 I 200 6 20 10 

~ 50 54L 26.07 1.0958 1.0923-1.09931 !.2. .1 54LI..!J ~~ 
~ 53 54L 26:09 1.0972 1.0937-1.100) 

4 50i53 541., 26:08 1.0965 1.0930-1.1000 I V I , .,..,.., ... , .., I l l 1 I I 

51 I 200 5 20 10 

4 45 S4L 26:55 1.1294 1 ,..,rl"' 1 1 -."\1\ II\. ~.t• 0 1 1 "'1 

f-T 51 54L 26:58 1.1315 
1-7- 45!51 54l 26:57 1.130 

145 14 101 200 10 20 IO 
!8:45 I 1.2063 I 2042-1.208• 191 I soo 19 so 20 
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C1 
I No.' 

4 
4 

I ! 
4 

~ 
8.: 

~ 
4 

JIIPA.t:; J'\o. t.l 
73 
43 
69 
49 

69/49 
48 
6S 
47 
44 

'4147i6~ 
62 
7S 
59 

42 
4T 
71 
40 

4li4o.71 
G4 

I 

\\.'indo . 
RT Rer I RTs' I RRT' I RR1' limits' I (sec)' 

i 12 I I 2091·1.2133; 
154 I I 2133-1.2175 
!2A I I 2189-1.2259 

54L 129:1611.2280 I 1.2245-1.23 
54L i 29:12 1.2252 I.Z 
54L 1.2378- 1 24: 
4 . 1.24 6-1 25, . ... .. ... -... . . I ~~!' I::-~ I ! ·~!~ I ~ ~!~-~ ~: 

I 

refer-ence' 
54LI8 LLiT. 
54U81UT: 

LJ811J7< 

14L 

U81 L771 
S4U81U771 

Lr. 
[/ ; 

L/81Li< 
L2636-1.2706 54U81Li77L 
I 2615-1.2685 54U81Li'77l 

.. . 1 limits urd ntlnimumlenls
Matrix ud ------·--~-- •• 

160 I 500 I I§ __ L50 I 20 
94 I 200 I 9 I 20 I 10 

115 I 500 II 50 20 

76 I 200 I 8 I 20 I 10 

195 I 500 I 19 so I 20 

57 I 200 I 6 20 I 10 

-S.fl. 30:26 I 2769 1.2748-1.2790 6 54l181V77L 61 200 6 20 -10 1 
30:52 I 2951 1.291().1.2986 10 )4l./8 JL'77L I 54L 30:58 1.2993 1.295&-1.3028 10 54U81LI77L 119 500 12 50 20 I 54L 30:01 1.2594 1.2559-1 2629 10 54U81L'77L 

S4L 30 58 1.2993 1.295&-1 3028 JO 54U81L'77L J I I I 541. 31:12 I.JQ9J I.J070-I 3JJ2 6 _ _ ~lJ81L77L 70_ U()() ) 7 I 20 oA 

159 1 0.8336 I 0.8323-0 83491 6 I 54LI81LmL I 158 I 500 I 16 I 5< 

),8623 0.8610-0.86361 6 54L/81Li77L 127 soo 13 I 51 I ~ 01 Oil. ~3:13 0 8658 0 8645-0.8671 6 54lJ81U77L 147 soo IS I 50 I <V I 

171 I 500 I 17 so I 20 

4 63 811. 33:30 0 8732 0 8719-0.874~ 6 S4L'SIL'77L 138 SOO 14 I 50 ..1 20 4 6 1 BIL 33:46 0 8801 0. I 4 70 81 L 33:53 0.8831 0.880S 
4 76 811. 33:55 0.8840 0.881 4-r.r- 74 541. 33 57 0.8849 0.8817-0 88711 10 I 54U81L'77L IT 6rnon4i76 81L 33 s5 o~884() o.8814-0 &8661 12 .1 54U81U77L 
4 I 66 I 81L 134 15 I 0.8927 I 0.8914-0 89401 6 I 54l...'liL77L I 162 _ J 500 I 16 I 50 I 20 

>89971 6 I 54LI81LmL I 120 I 500 I 12 . I so I .. 20 I • I JU o•"' I JJ.VJ v.,.J6 I 0.9 123·0,91 491 6 54L/81Li77l 98 200 10 20 10 I 1 • 1 LA " " 1 '"·" ~~'Q2.l o.9179·0.92051 6 541..'81 u77L 13 1 soo 11 50 20 811 1,9275 6 S4L'SIU77L 175 SOO 18 50 20 

7/ 



Method 1668. Rt•istan.A 

--~~• lintits and minintUm le"·els 
1\fatrix and .------•--.o.!--•• 

Water Olher 
Cl Window (p~; L) (n&fk.&l (PV~-tL) I No.1 ll.l'AC No. '-' ItT Ref" RTs' AAT" RRT limits' (H<)' Quanti lotion referen<<' EMDL EML E."IDL IEML I!.'IL 
4 79 _81[._ _ 37.16 0.9713 0.~9726 6 54l..IIIU77L . __ 173 500 17 I 50 20 I 4 I 71! I SIL 137'521 0.9870 I 0.9857~98831 6 I 54l..IIIU77L I 171 I 500 I 17 T 50 I ~l 4 81 81L j 38:23 1.0004 ... 0.9991-1 0017 6 _ ___ HL In 500 18 SO 20 
4T::_ ___ 77 _j_77L ______32_021 1.0004 I 0.9991-1 00171 6 nt I 169 I soo I 11 J so I 20 

undJ 
4 
4 

T 

4L 
IL 
7L 

s UJio~ tOIL 
CD 

23 so I o.s26 
1.329 

J..l.S2 
IJU 

O.R21l1-0 : 

1.3241-1 . 
I. 
I inied·i.on ' 

ZL 
2L 

lsi 104 1 104L 129:46 , 1.00001 09972-1.00281 10 1 104L j 228 15oo 1 21 -- Fso 1 20 5 96 104L 30:17 1.0174 I 0146-1.0202 10 104Li123U114llll8L/105Li126L 210 500 21 50 20 
103 104L 32:11 T08T2 1.0795-1.0829 6 104Lil23L!I I4UI18Lil05Li126L 22S SOO 23 SO 20 

J 94 104L 32:29 I 0913 1.0896-1.0929 6 104Lil23L/1141JII8Li!OSLI126L 121 500 12 SO 20 
5 95 104L 33:00 I 1086 I 105&-1.1114 10 104L/123L'li41JII8UI OSL/126L S 100 104L 33:06 I 1120 I 1092-1.1148 10 l04VJ231Jil41JII8u1051J126L +. 93 104L 33:14 1.1165 1.1137-1.1193 10 104L'I23UI141JII81.Jl0fui26L 221 500 22 SO 20 -?- 102 104L 33:21 1.1204 1.117&.1 1232 10 104L'I23UI14UII8UIOS1J126l 
~ .J 98 104L 33:26 1.1232 1.1204-1.1260 10 1041JI23UII4U118Lil051JI26L 

"'Tl 95n00/93fl02i98 104L 33:13 I. II 59 1.1 131-1.1 187 15 1041Jil3U114UII8L!I05UI2o 
i-T-! 88 J04L 33:48 1.1355 1.1321-1.1389 12 104UI231..1 114U 118U105UI21 

500 118 J , • • •• 366-1 .1422 104UI23L/114Lfi18LI105UI21 m 88/91 1.1344-1 .1411 104UI23UII4Lil 18U105U12o 
12 so 20 

o 121 1.1725-1.1758 104UllJUII4UII~U IU~UUOL 20 
' 92 0.8627-0.8651 104Ul23L.II14LJI18UlOSU126L 20 

50 

i-T-! I 13 0.8761-0.8801 104L.I123L l 14Ul18VI05U126l 
• 90 0 8769-0.8809 104Ul23Ull41Jli8VI IT 10 1 104L 36:04 0 8793 0 8773-0.8813 10 104Lil231Jll41Jil8Li105Lil26L f-i'" 113/90/101 104L 36:03 0 87R9 0.8769-0.8809 10 104L.I123Lil 14l1118UJO: 

241 24 100 1000 

5 83 104L 36:39 0 8935 0.891 1-0.8960 12 104Li123li114U118U105l 
: s 99 104L 36:41 08944 0.8923~.8964 10 104l!I23UII4L/118UIOilli26L 1 217 I 500 I 22 I 50 I 20 5 83199 1041.. 36:40 0.8939 0.891~8964 12 104l!I23UII4U1181.1105U126l j _ I 

78 



0 
!No.' lUPACNo." _RT Rtf" I RTs' I RR'I' I RRT limit! 

" 

• 108/11 

112 
""iT9 
108 
86 
'11 

1041 
To4i: 

104 
104 

lt)i 

I 36 5 1 I 0.8984 I 0.89 
37:12 0.9069 0.9037-0.9102 
17:12 0.9069 0 9037-0.9102 
17:17 0.9090 0 9057 
17:17 0.9090 0 9057-=l 

125 104L 37:21 0 9106 0 9074-0.913' 
87 104L 37:25 0 9122 0 910 

12511!7 104L 37:19 0 9098 0.906'\..0 9HI 
t-+ 117 104L 37:57 0.925: 

5 116 104L 38:02 0.9273 

!Wind a 
1-'f 

6 
Tt 

H 
Tt 
16 

t---t' 85 104L 38:05 0.9285 0.926~.9305 f-T 117t116185 104L 1800 09265 09240-092891 1.< I 
5 110 1041 38 16 0,9330 0.9309-(} 9J50 •A 'T 115 1041 3818 0.9338 0.9317-093~-

1--7-- 11 0il l5 1041 3& 17 0.9334 OQ1 11-0'l1' 

H-
1--7--

s 
5 

5 
5 
5 

5 

120 
107 

I 07/124 
109 
123 
106 
ill 
in 
114 

To' 
12' 
121 

1041 
123 
118 
114 
lOS 

t04L 
1041 
104L 
1041 
II 
12Jl 
1231 

-----sL 
1181 
1141 
105 
105 
126 

lOll 
lOll 
I OIL 
lOll 
lOl L 

~·~~~ ~-~:~7 I 0.9415-0.94 

I 39:21 I 0.9594 
140:39 I 0.9911 
140:40 I 0.9915 

I :uo I' oo3· 

4: 
4~ 

145:58 I 1.0004 

I 0.8257 
1.1378 
1.1470 

171 1.1637 
14 I 1.1854 

U-0.960 

14-n 

159-0.998• 
-- 011 

124-...10041 
-1. 
-I 

001 
1.00( 
.03' 

i])OT5 

0 8211-0.8303 
11 -1.142< 
!4-1.1511 

I 1590-1.1683 
I 1808-1.190< 

,,;,.- ------ --• 
104L/123L/ll4L/ll8L'l05L/l . 
04L/123D U<IL,tl 18L'l osUt2 
04U123Lil 14Lil18L'l05L/I: 
04u123I.J114L'l18UJ05Ul: 

104u123W 14Wl8L/105Lil26L 
104Lii23UI I4UII8L/J05Lii26L 
104LI123L/114Uli8UJ05L 

U l 
i4i7i 

:3L 

l2J 114!J1J8Li\05L/ <OL 

18Lil05UI26L 

Method 1668, Rc••isrotr A 

tlirnits and mininlUH·de,•els 
l\1atri.t aAd -- - • ·•- -" 

245 I 1000 I 25 I 100 I sc 

149 I 500 I 15 I 50 I 20 

104 I 200 I 10 I 20 I 10 

1Lil 18lil05L/126L 243 50 -;1~047,L~'~I 2~3~L7,11~1 7,41;::;4~1 ~18~1';;/I~OT."SL 
104L/123Li i141.Jl i8L'l05U 
104UI2JLI114Lfl1 8L/1 05L/ 
104Lii231.Jl 14Lfll8L'I05Lil261 
104Lii23Ul i4Uli8UI05Li126L 
104Li123UI I4L:II8L 
104Li123Ul14l.Jl l81 
11Ul .ii23LI I14LIIl8U105UI261. - "Till ' ---
104LI123Lil14Ul l8Li\05L:l26L 

118L 
104LI123UII4UII8L'I 

104LI12JLi ll_il,ii_I8LII05L/126L 
I 

)ll 
)ll 
IL 
IL 
1L 

133 I 5C 
243 
147 I sc 

13 
24 

15 

20 
so 
20 

200 I 1000 I 27 I 100 I so 

103 2! 
150 5• 
143 I 5· 
19: 
II 
)21 

109 2( 
278 10 
136 500 

10 1201 10 
15 50 20 
14 50 20 
19 50 20 
12 50 20 
12 50 20 
II 20 10 
28 100 so 
14 50 20 

I 

I 
I 

19 



Methot/ 1668. Revision A 

1 limits and miniomrn len:ls 
Matri.s and contentraeion•• 

Wattr 

RT Rtr I RTs•_L RRT" urr limilll' I ls«Y' ,, -;,.,- -tt'- _, a 
!No.' I JUP."-C No.U n - 1261. !OIL I4S:S7 I 1.2746 

)as 
!700·1.27921 20 

iniettion 
lOll I I I I I 

6 
6 

6 

1 usinr.I38L < 
CB ' 

155 lSSL 1 15SL 50 152 15SL 6 155Ui56Ul57U167L 50 ISO __ ] . lSSL 136:1~1_1 0145_j __ l 0131-1.01591 6 I 1551.J156Ul57U167L _ I 328_ ) IO<)(j] _ }3 I IOO I 50 
u 136 1 026&-1.0294 155U1S6U157U167L 10 ' 145 1.0340-1.0368 ___ 15SL/Ig.l./J57U167L 50 

148 155U1S6l/157Li167L I 324 I 1000 I 32 I lOOT so 

20 tf= 
1--7-

151 155111 6 157UJ67L 
135 155L 39 17 1.0993 1.0970-11017 10 155UIS6UIS7L161l 
154 ISSL 3921 1.1012 1.0989-11035 10 1SSU1S6UI57U167L 

15W35il54 1551. 3915 1.0984 1.0961-1 1007 10 ISSU156!J151U1.67t 

112 I soo I 11 so 

144 I 155L 139.47 1 1.1 133 I 1.1119-1.1 1471 6 I 155Li156Lil57UJ67L 167 I 500 I 17 50 20 

~ 6 

147 155L 40:09 1.1236 I 1.1213-1.12591 10 I 155U156Lil57UI67L 
149 155L 40:12 1.1250 l 1.1227-1.1273J 10 J 155LiiS61,:! 

147/149 ISSL 40:10 I. 
179 I 500 I 18 so 20 

6 

I ~ 
134 l55L 40:27 l.l.J.LV I,IL!f/•I.J.>-t3 l I V ' I...J.JUIJU.LJ'I..11.L.1 10/L I 
143 155L 40:30 11334 IIJII -1.13571 10 155UI56L•IS7U167L 134 500 13 50 20 

0 1341143 15SL 40:29 11329 1 1306-1.13531 10 J55.LI156U15711167L 
6 139 ISSL 40:47 1 141 3 I 1390-1.1437 10 1S5UI56U157U167L + 140 155L 40:48 1 1418 11395-1.1441 10 155li156l/157Ul67L 196 500 20 50 20 6 139/140 155L 40:47 1 1413 1 1390-1.1437 10 1551JI 56Li157Li167L 1 ' 131 155L 41 ·03 I 1488 I 1474-1.150'2 6 IS5UIS6UIS7U167L 121 SOO 12 SO 20 

142 155L 41 13 1.1535 I 1521-1 1549 6 --- 155UIS6LIIS7U161L_ 311 1000 ' 31 I 100 so 
15SL . 41 36,1.1642 1 1.1618-116651 10 I i55U156LI157Ul67L =1 125 I 500 I 12 I 50 I 20 ISSL 14 1 S7 1.1740 1.1726-1 1754 6 __ 155UIS6Ql57[j161l _ __ 169 500 17 50 20 1 u 1 1uJ 1671. 42:23 0.8864 0.8853-0.8874 6 155Li156Li157Li167L 361 1000 36 100 - 50 6 I 146 I 161l 42:38 0.8916 0.8906-0.8926 6 I 55Lii56Lii57Lil67L 182 500 18 50 20 6 1 161 1 !67L 42:47 0.8947 _ 0.8_937-0.8958 6 I 55l/156U!57lf161L 352 1000 35 100 50 

u 153 167L 43:17 0.9052 0.9035-0.9069 10 1SSU156U151 ~ 168 167L 43:21 0.9066 0.9048-0.9083 10 155Ll156U151 
' 153/168 167L 43:19 0.9059 0.9041-0.9076 10 1S5LilS6l.JIS711167L 

130 I SOO I 13 

141 167L 43:34 0.9111 0.9101-0.9122 6 1 S5Lii56U157U167L 
130 167L 44:01 0.9205 0 9195-0.9216 6 155Ul56U157U167L 

93 I 200 I 9 
136 soo 14 

80 

so 

20 
so 

20 

10 
To 



Met/J()l/ 1668. Revision A 

a 
I No.1 

6 
6 

EE 
rt-

IL1'AC No. IJ 

137 
164 

"'i38 
163 
129 
160 

,_,G /U') 11 29/160 

---~d limits and 
:\blriiMtd 

Water Otbrr 

1 levets 

- . . (PZ l ) (nl/l<ll I (P!/!' l ) I RT Ref' RTr' R.R1" RRT limits' (oec)' Quaotit•tioa refere<ltt' EMDL EM L £1\IDL EML £1\tL 
167L 44 14 0.9251 0.924D-0.9261 6 15511156U157Ul67L 300 1000 30 100 50 
167L 44.22 0.9278 0.9268..0.9289 6 ISSL/156Lfi57L!167L 136 500 14 50 20 I 
167l 44:42 0.9348 0.9324-0.9373 14 1551./156L!1571./167L 
167l 44:42 0.9348 0.9324-0.9373 14 1551./1561./157L!'I67J 
167l 44·47 0.9366 0.9341-0.9390 14 1551./156Ul57Lil671 21 I I 500 I 21 I 50 I 20 
1671.. 44:53 0.9387 0 9369..().9404 10 - '---- 155UI56U11 

0.9366 0 9341-0.9390 14 155UI56UI57IJI67l 
v '"o •v•<- ~J.vJ 09428 094 18·0.9439 6 155U156UI57UI67l 96 I 200 I 10 I 20 I 10 ' 166 167L 45:59 0 9617 0 9599-0.9634 10 155Ld JOUl57UI671 

1--7-
128 167L 46:46 0 9651 0 9634-0.9669 10 15&1561./1571.11671 

128/166 167L 46:04 0 963 
124 I 500 I 12 50 20 

u 159 167L 46:59 0.9826 I 0981><1.98361 6 I 155UI56UI571.1167L I 348 I 1000 I 35 
' 162 167l 47:18 0.9892 I 0.9881..0.99021 6 I ISSUI 56UI57Ul67l I 355 I 1000 I 35 

~ 
6 

6 
6 

tf: 
6 
6 

167 167L 147:49 1.0000 0.9990-1.0010 6 1551.1156U157l..J167L 115 500 I I 1 ,., 1 w 1 !56 1561./J57l 49 05 0.9993 0.9983-1.0003 6 l56Li 157L 
157 l561./157l 49 09 1.0007 0.999()..1 0024 10 156UI57L 132 500 13 

156!157 J56L!157l 45 07 l.OOOQ J!.999Q.. I 0010 6 156UI57l 
169 I 1691. I 52 31 I o.9949 I o.994o-o.99s91 6 _L_ _ 1691. 

1S5L 
"'i'67L 

138L 
"'i18L 

135;44 1 0.79971 0,796Q-0.80J41 20 I IJ8L 
47:49 1.0101 1.0664-1.0739 2o I n8L 

16 1 I 500 16 

50 20 

so 20 

156L 
157L 

l____illh 
l138i: 

149:05 1 109851 L0974-L09961 6 I l 3RL I I I I I I 49:08 __ 1,0996 I 0959-1.1033 20 1381. ' 
I 56Lfi57L 1381 149:071 I 0992 I I 0981-LIOOJI 6 I . 1381. 

169L 1381 ls2:3o I 1.1749 I -~ 1738-1.17611 6 I 138L I I I I I I 
g asin.t .194U' 

CB 
',4,4' .5.5'-0cCB) as Labdo<l ia,iection illltmlll standard 1 

1 1 1 188 1 I8SL 14 1 s1 1r.oooo 1 o.9988- LOOI21 6 1 188L 1 235 1 500 1 23 1 5o:l 20 7 179 188L 42 19 1.0112 LOIOQ..l.O l23 6 ____ 1811:.1'1_~1., um 229 500 23 50 20 

188L 43.45 1.0454 1.0442-1.0466 ~6~ I . 188LJ189L -- 407 " 1000 41 100 50 
1718 188L 45:06 1.0777 1.0765-1.0789 6 188UI89L 221 500 22 50 20 175 1881. 45 :46 1.0936 1.0924-1.0948 6 188UI89L 383 1000 38 100 SO 
187 188L 46:02 1.1000 1.0988-1.1012 6 J 188lJ189L 191 500 19 SO ; 

8/ 



Metltod 1668. /lcl'l~lon A 

I 

0 I I I I I IWirodow !No.' JUP."-C 1\o. u RT Rer RTs' RRT' RRT lintilo' {sec)' I OutMtliUIIion refet't'Dcc' 7 I 182 . t 188L (46: l.f[TT047 I I 1035· l.I059I _6_ l . 188L'l89L 
~ 183 188L 46:42 I l1S9 I 1147-1.1171 6 188L1189L 

7 ISS 188L 46:53 I 1203 I 1191-1.1215 6 t 88L'I89L h) 183/185 188L 46:47 I 11.79 1.1167-1.1191 6 188L'I89L 
7 174 188L 47:02 I 1239 1.1227-1.1251 6 188L'I89L 
7 177 188L 47:30 1.1350 1.1338-1.1362 6 188L'I89l 

1 7 181 188L 47:52 1.1438 1.142~ 1 t4SO 6 188U l89L 

~ 173 I.ISil I l.ISOI-1 IS2$l 6 I 188UIIS\II 
~ 171 /173 l.lS09 

~ · ~· l88L 48.10 1.1509 1.1489-1 1529 _ 10 188UI891 

. 1 limits and minimum le,"tfs 
Matrix lllld 

398 I 1000 I 40 J I 00 I so 
401 . 1000 I 40 I 100 I so 
186 500 so 20 
141 500 I so 20 
396 1000 4( 100 50 

m I 1000 ; 37 I 100 I so 

136 I soo 50 

I •ros l 0.9026-0.9044
1 

6 I 188Li 
0:06 0.9093 377 11000 1 38 I too 1 so . _ I _ I ... ___ I 420 1000 42 1 oo so 162 6 188L1189L 

' '" h 1RltlJt8A' 
I+ ISO so 14 20 I+ 

7 
7 

180/19) 
191 

170 
l9i 

18' 
152:26 1 0.9516 
1 sso1 I 1.0003 

[4'7:32 
[4if:3T 
149: 1 I 

27 

0004 
0210 

[jl 

>2381 6 I 188L'l89L I 418 1 1000 I 42 1 100 I Su I >428 6 188Lii89L 162 500 16 50 2ll 
J.Y>UI-0.9525 l88Ut89L 50 
0.9994-1 0012 189L so ·:z 

1.01 
1.0: 
TI 

1 0021 10 
J-1.0228 10 

1.0361 
']4f7 

202L 
---- ··---

442 11000 I 44 I ' oo I so 
440 . 1000 44 . too 50 
447 I 1000 I 4S I 100 I 50 

24S I 1000 I 25 I 100 I so 

203 I 500 I 20 I so I 25 

429 1000 I 43 
444 1000 44 
427 1000 T -

100 I so 
100 so 

50 
so I 20 g I 205 I 205L 157:49 1 1.0001 I 0.9994-1.00121 6 I 205L 449 I 1000 100 I 50 I 1ipbtnvls 

9 I 208 I 208L I 54:33 I I 0003 I 0 9994-tOOI21 6 I 208l I 4SS I 1000 I 46 I 100 I so 

82 



Method /668. Re•inon A 

De1ef1ion limits 1r1d minimum levels-
Matrix and conctntration10 

W ater Othet• Extra <I 
Cl \\

1indow (J>21L) (na/Jic&) I (pg/J.<L) 
No.' IUl'AC No.u RTRer RTs-' RR'r RRT lintits' (S«)' QIUIJititation rdertoce' t:MDL E.'IL E:MDL E.\IL E:ML 

9 207 208L 55:32 l.OISJ I 0174-1.0193 6 208L/206l 453 1000 4S 100 so 
9 206 206L 59:37 1.0003 0 9994-1.0011 6 206l 4Sl 1000 1 4S 100 50 

Duacltlorobiubm,t 
10 I 209 I 209L 161: 15 1 1.0003 I 09995-1.00111 6 I 209l I 153 I 500 I IS I 50 I 20 

Labeled comuou11ds 
7 188L 194L 4 1:5 1 0.7304 0. 7275-0.7333 20 194L 
7 I SOL 194L 50:27 0 8805 0.8775-0.8834 20 194L 
7 170L 194L 51:53 0 9055 0.902~.9084 20 194L 
7 189L 194L 55:06 09616 0.9587-0.964S 20 194L 
8 202L 194L 47:31 08293 0.8264-0.8322 20 194L 
8 205L 194L S7:48 I 0087 I. 0044-1.0131 30 194L 
9 208L 194L 54:32 0.9517 0.9488-0 9546 20 194L 
9 206L 194L 59:36 1.0401 1.0358-1 0445 30 194L 
10 209L 194L 61 :14 1.0686 1.0643 -1.0730 30 194L 

Labeled deaa-up standards 
3 28L S2L 26:44 0.9266 I 0.9209-0.9324 20 52L 
5 JilL I OIL 38.51 1.0717 1.0730-1.0823 20 I OIL . 7 178L llSL 45:05 1.0090 I 1.0052-1.0(27 20 138L 

Labeled inlet:tion m<ernol •taadanls 
2 9L ll8L 18:54 0.4648 0.4596-0.4699 2S 178L 
4 52L ll8L 28:51 0.7094 0.7043-0.7145 25 178L 
5 !OIL 138L 36:03 0.8865 0.8814·0.8916 25 178L 
6 138L 138L 44:41 1.0988 I 0783-1.1 193 100 178L 
8 194L 138L 57:18 14090 I 4039-1.4141 2S 178L 

I. 1\wnlx:r of chlorines on congener. 
2. Suffix "L" indicates labeled compound. 
3. Multiple congeners in a box. indicates a group of congeners that co-<:lute or may not be adequately resolved on a 30-m SPB-

Octyl column. Congeners included in the group are listed as the la~i entry in the box. 
4. Retention time reference that is used to locate target congener. 
5. Retention time of target congener. 
6. RRT between the RT for the congener and RT for the reference. 
7. :-lominallimits based oo an i 0.5% of the RRT, adjusted for the nearest eluted isomer. 
8. RT window width for congener or group of two or more congeners. 

!J3 



Me1Jtnd /668, Revision A 

84 

9. Labeled congener; that fonn the quantitation reference. Areas from the exact rnlz's oflhe congeners listed in the quantitalion 
reference are surruned, and divided by the number of congeners in the quantitation reference. For example, for congener 10, the 
areas at lhe exact m!z's for 4L and l5L arc swtu11ed and lhe sum is di\•ided by 2 (because there are 2 congeners in the 
quantitation reference). 

10. EMDLs and EMLs witl1 corrunon laboratory interferences present. Without interferences, EMDLs ru1d EMLs will be, 
respectively, 5 and 10 pg/L for aqueous samples, 0.5 ru1d 1.0 ng/kg for soil, tissue, and mixed-phase sruuplcs, aJld EMLs for 
extracts wiU be 0.5 pgtuL. 



Method 1668. Revision A 

Table 3. Concentrations of native and labeled chlorinated biphenyls in stock $Oiutioos, spiking 
solutions, lll!d final extracts 

Solution conccntratiuJU 
Stock SJJikiog Extract 

~""B eone:ener (J•I!ImL) (nllfmL) (ne/mL) 
Native Toxics/LOC' 

l 20 l.O 50 
3 20 1.0 50 
!4 20 1.0 50 
15 20 1.0 50 
19 20 1.0 50 
37 20 1.0 50 
54 20 I .0 50 
77 20 l.O 50 
81 20 1.0 50 
104 20 1.0 50 
105 20 1.0 50 
114 20 1.0 50 
118 20 1.0 50 
123 20 1.0 50 
126 20 1.0 50 
155 20 1.0 50 
156 20 1.0 50 
157 20 1.0 50 
167 20 1.0 50 
169 20 1.0 50 
188 20 1.0 50 
189 20 1.0 50 
1202 20 1.0 50 
[.!05 20 1.0 50 
[106 20 1.0 50 
~08 20 1.0 50 
1209 20 1.0 50 

Native congener mix stock solution~" 
[MoCB thru TrCD 2.5 rrees thru HpCH 5.0 
OcCB thru DcCB 7.5 

La~lcd Toxlcs/LOCJ window-defmine-' 
IL 1.0 2.0 100 
3L 1.0 2.0 100 
14L 1.0 2.0 100 
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Solutjon concentrations 
Stock Spildng Extract rn cone.ener (p.~mlJ (nl!/mL) (n!Uml.) 

151. 1.0 2.0 100 
19L 1.0 2.0 100 
37L 1.0 2.0 100 
54L 1.0 2.0 100 
77L 1.0 2.0 100 
81L 1.0 2.0 100 
104L 1.0 2.0 100 
105L 1.0 2.0 100 
114L 1.0 2.0 100 
118L 1.0 2.0 100 
InL 1.0 2.0 100 
126L 1.0 2.0 100 
ISSL 1.0 2.0 100 
1561. 1.0 2.0 100 
157L 1.0 2.0 100 
167L 1.0 2.0 100 
169L 1.0 2.0 100 
188L 1.0 2.0 100 
189L 1.0 2.0 100 
202L 1.0 2.0 100 
2051. 1.0 2.0 100 
206L 1.0 2.0 100 
208L 1.0 2.0 100 
209L 1.0 2.0 100 

I . clean-u n• 
28L 1.0 2.0 100 
lllL 1.0 2.0 100 
178L 1.0 2.0 100 

Labeled Injection intcrnHJ 
9L 5.0 1000 100 
521. 5.0 1000 100 
!OIL 5.0 1000 100 
138L 5.0 1000 100 
1941. 5.0 1000 100 
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l>ilu ted combined 209 congener" 
Solution concentration (,ugfmL) 

fStandard Native Labeled 
Native congeners 

MoCB lltru TrCD 50 
TeCB thm HpCH 100 
OcCA thru DeCB ISO 

Labeled Toxics/LOC/wiodow-defining 100 
Labeled Cleanup 100 
Labeled lntection internal 100 

Stock solution: Sectoon7.8.1, Spoking solution Section 7.11 
2. Section 7 R I 2 
3. Stock sol ution: &:cti<Jn 7.9 I; Spiking solution: Section 7.12 
4. Stock solution: Sectoon 7.9.2; Spiking solution· Section 7.13 
5. Stock solution· Section 7.9.3; Spiking solutJon. Scctoon 7.14 
6. Sccuon 7 . I 0.2.2.2 
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Table 4. Composition of individual native CB congener solutions' 

Solution identifier 
A2 I 82 I C2 I D2 I El 

Accu-Standard part number 
M-1668A-1 M-1668A-2 M-166l!A-3 M-1668A-4 M-1668A-5 

2 7 13 25 1 
10 s 17 21 3 
9 12 29 69 4 
6 Ill 20 47 15 
8 24 46 42 19 

14 23 65 64 16 
II 28 59 70 37 
30 22 40 102 54 
27 3') 67 C)7 43 
32 53 76 115 44 
34 51 80 123 74 
26 73 93 134 56 
31 48 84 131 77 
33 62 10 I 163 104 
36 71 112 180 98 
38 68 86 125 
35 58 116 110 
50 61 1091107 126 
45 55 154 155 
52 60 147 138 
49 94 140 169 
75 100 146 188 
41 91 141 189 
72 121 164 202 
57 <)() 158 205 
63 99 182 208 
66 1081109 174 206 
79 117 173 209 
78 Il l 193 
81 1071108 
96 11 8 

103 114 
95 150 
88 145 
89 135 
92 149 

11 3 139 
83 132 

119 165 
87 168 
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Mcthnd 1668. Revision A 

Solution identifier 
A2 I 82 I C2 1)2 I E2 

Accu-Standard part number 
M-1668A-I M-1668A-2 M-1668A-3 M-1668A-4 M-16Gl!A-5 

85 137 
82 160 

120 128 
124 162 
106 157 
122 184 
105 186 
127 187 
152 185 
136 181 
14l! 192 
151 197 
144 199/20 I 
143 203 
142 
133 

161 
153 
130 
129 
166 
159 
167 
15(i 

179 
176 
17& 
175 
183 
177 
171 
172 
191 
170 
190 

201/200 
204 

200/199 
191! 
196 
195 
194 
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Solution identifier 
A2 B2 I C2 I D2 I E2 

Accu-Standard part number 
M- 1 l il>l!A -I M-1668A-2 M-1668A-3 M-1668A-4 M-1668A-5 

Torn Is 

90 

207 

113 54 21) IS 28 

Congeners present on each standard listed in elunon order for each level of chlorinatton. IUPAC 
number listed first; Dl number listed second where ambiguous. See Table 3 for concentrations of 
congeners in stock solutions and Tnble 5 for concentrations in calibratton standatd. 



Mt!lhu<l 1668, Revision A 
Table 5. Concenrrarion of CB congeners in calibmrion nnd calibnlliun verification smndards 

Snlntion concentration (ng/mL) 

cs-o.1 CS..J 
C D congener ITrPA{1 

(H i scns)1 CS-1 CS-l (VJJ:R) CS-4 CS-5 
N•tivt Toxics/LOC 

2-MoCB I 02 1.0 5.0 so 400 2000 
4-MoCB 3 0 2 1.0 5.0 so 400 2000 

2,2'-0iCR 4 0.2 1.0 5.0 ~0 400 2000 
4,4'-DICD 15 0 .2 1.0 50 50 400 2000 

1.2· .6'- rren 19 0.2 1.0 so 50 400 2000 
3,4,4'-TrCD 37 0.2 1.0 5.0 50 400 2000 

2,2',6,6'-TeCB 54 0 2 1 0 5.0 50 400 20<~) 

3,3',4,4'-TcCB 77 0.2 1.0 5.0 so 400 201KI 
3,4,4',S-TcCB 81 0 2 1.0 5.0 so 400 2001 

2,2',4,6,6'-l'e\.B 104 0.2 1.0 s.o so 400 2000 
2,3,3',4,4'-PeCU 10 5 0.2 1.0 5.0 so 400 2000 
2.3,4,4',5-PeCB 114 0 .2 1.0 50 ~0 400 2000 
2,3',4,4',S· PeCB 118 0.2 1.0 so so 400 2000 
2',3,4,4',S-PeCB 123 0.2 10 5.0 so 400 2000 
3,3',4,4',S-PeCB 126 02 1 0 5.0 so 400 2000 

2t2',4,4',6,6'·HxCB ISS 02 1.0 s.o so 400 200) 
2 ,3,3',4,4',S-HxCB IS6 0 2 1.0 5.0 so 400 2000 
2 ,3,3',4 ,4',5'-HxCR 157 0.2 1.0 5.0 so 400 201)(1 
2 ,:1',4 ,4',5,5'-IIxCD 167 0.2 1.0 5.0 50 400 2000 
3,3',4,4',S,S'-HxCB 169 0.2 1.0 so 50 400 2000 

2,2',3,4',5,6,6'-HpCB 188 0.2 1.0 50 so 400 2000 
2,3,3',4,4',S,S'-HpCB 189 0.2 1 0 5.0 so 400 2000 

2,2',3,3',S,S',6,6'-0cCB 202 0 2 1.0 5.0 50 400 2000 
2,3,3',4,4',S,S',6-0eCR 205 0.2 1.0 5.0 so 400 2000 

2,2',3,3',4,4',5,5',6-NoCR 206 0.2 1.0 s.o so 400 2000 
2,2',3 ,3',4',S,S'A 6'-NoCJJ 208 0.2 1.0 5.0 50 400 2000 

DeCJJ 209 0.2 1.0 5.0 so 400 2000 
LoMied T oxicsiLOC/window-definink 

11C1 l-2-MoCB 1L 100 100 100 100 100 100 
' 'C.,-4-~oCB 3L 100 100 100 100 100 100 

"C , -2,2' -OiCB 41. 100 100 100 100 100 100 
"<", -4,4'-0iCR 15L 100 100 100 100 100 100 

" C,,-2.2',6'- l'rCD 19L 100 100 100 100 100 100 
"C,r 1,4,4'-TrCJJ 37L 100 100 100 100 100 100 

"C, -2,2',6,6'-Tet:B 54L 100 100 100 100 100 100 
11C1J· l,3',4,4'-TeCB 77L 100 100 100 100 100 100 
"c,-3,4,4' ,5· TeCB SIL 100 100 100 100 100 100 

" l', -2,2',4,6,6'-PeCB 104L 100 100 100 100 100 100 
" C ,,-2,3,3',4,4'-PeCB IOSL 100 100 100 100 100 100 
' 'C1r 2,3,4 ,4',S-PeCB 114L 100 100 100 100 100 100 
''C1:"'2,3',4,4',S-P\.< B IISL 100 100 100 100 100 100 
' 'C, -2',3,4 ,4',S-PcCB 123L 100 100 100 100 100 100 
' 'C, -3,3',4 ,4',S-J>cCB 126L 100 100 100 100 100 100 
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Method 1668 Rev1sion A . 
Solution couccutratiou (ng/rnL) 

cs-0.2 CS-3 
CB congener IUPAC' (lfi sens)' CS-1 CS-2 (VER) CS-4 CS-S 

uc,1-2,2', 4, 4' ,6.6 '-llxCJ:\ 155L 100 100 100 100 100 100 
uc1l·2,3,3',4,4',5 -HxCB 156L 100 100 100 100 100 too 
" C,-2,3,3',4,4',5'-HxCB J57L 100 100 100 100 100 too 
'"C 1~-2,3 ',4,4',5,5'-HxCB 167L 100 100 100 100 100 100 
13C12-3,3',4,4',5,5'-HxCB 169L 100 too 100 100 100 100 

" C, -2,2',3,4',5,6,6'-HpCB 188L 100 roo roo 100 100 100 
"C,-2,3,3'.4.4',5,5'-HpCR rR9l. lOll (()() 100 100 100 100 

" C12-2,2' ,3 ,3 ',5,5',6,6' -OcCR 2021 100 100 100 100 100 100 
"C.,-2,3 ,3'. 4, 4 ',5 ,5' ,6-0cCJJ 205L 100 100 100 100 100 100 

uC1::-2,2' ,3 ,3 ', 4, 4', 5, 5' ,6-NoCB 206L 100 100 100 100 100 100 
" C, -2,2',3,3',4',5,5',6,6'-NoCB 2081 100 too 100 too 100 roo 

" C, -DcCB 209L 100 100 100 100 100 roo 
Labeled clean-up 

" C12-2,4,4' • TrCB 2Rl. 100 100 100 100 too 100 
'jCn-2,3 ,3'~5,5 '-PeCll ! IlL 100 100 100 100 100 100 

''C,.,-2,2',3,3',5,5',6-llpC:JJ 178L 100 100 100 100 100 100 
Labelf>d injetlion inttrnal 

"C, -2,5-0tCJJ 9L 100 100 100 100 100 100 
"C, -2,2',5,5'-TeCB 52L 100 100 100 100 100 100 

''C1r 2,.2',4',S,S'-PeCB lOlL 100 100 100 100 100 100 
13C,2-2,2',3',4,4',5'-HxCB 138L 100 100 100 100 lOll .roo 

13C1 'tf"2,2' ,3,3'. 4.4' ,5,5' -OcCB 194L roo 100 100 100 100 100 

1. Sullix "L" indicates labeled compound 
2. Additional concentration used for calibration of lugh sensitivJty HRGC/HRMS systems 
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Me1hod 1668, Nevi 'lion A 

Table 6. QC aocqllance cniteria for chlorinated biphenyls inVER. IPR, OPR, and samplcs1 

Labdod compound 
IUPAC Tes1 tonr VE.R' IPR OPR I"UO\"er)' in SOIIIPIU 

Conr:enor number' (nlfral l' ('Yo) RSD I"• I X(%) '""") (%) 
2-MoCB I 50 70.130 40 60.140 SO-ISO 
4-MoCB 3 50 70.130 40 60.140 SO-ISO 

2 2'-DiCB 4 50 70.130 40 60.140 SO-I SO 
4 4'-DiCB IS 50 70.130 40 60-140 SO-ISO 

2 2'6-TrCB 19 50 70.130 40 60-140 SO-ISO 
3 4 4'-TrCB 37 50 70.130 40 60·140 SO-ISO 

2,2'6,6'! eCB S4 50 70.130 40 60·140 50-ISO 
3,3',4,4'-TeCB 77 50 70.130 40 60-140 50-1 50 
3,4 ,4' 5-TeCB 81 so 70-130 40 60-140 50·150 
2'4 66'-PeCB 104 so 70-JJO 40 60-140 50-150 
J 3'4 4'-PeCB lOS so 70.130 40 60·140 SO-ISO 
3 4 4',5-PeCB l 14 so 70-130 40 60-140 SO-ISO 
3' 4 ,4',5-PeCB 118 so 70-130 4 0 60-140 SO-ISO I 

2',3,4,4',5-PeCB 123 so 70-130 4 0 60·140 SO-ISO 
J 3',4,4' 5-PeCB 126 so 70-130 4 0 60-140 SO-ISO 

2,2'.4 4'.6.6'-HxCB ISS so 70-130 I 40 60-140 50-ISO I 

2 3.3'.4 4',5-HxCB' 156 50 70-130 40 60-140 50-150 I 

2,3 3' 4 4' S'·HxCB' IS7 so 70-130 40 60·140 S0-150 
2 3'.4,4'.5.5'·HxCB 167 so 70-130 40 60-140 50-150 
3 3' 4 4',5,5'-HxCB 169 so 70-130 40 60-140 50.150 

2 2' 3 4' 56 6'-HpCB 188 so 70-130 40 60-140 50.150 
2 3 3' 4 4' 5 5'-HpCB 189 50 70-130 40 60-140 50. I 50 

2 2' 3 3' 55' 6 6'-0cCB 202 so 70-130 40 60.140 50.150 
2.3 3' 44'S 5' .. 6-0cCB 205 50 70-130 40 60-140 50.150 

2.2' 3 3' 4 4',5,5',6-NoCB 206 50 70-130 40 60.140 50.150 
2.2' ,3,3.'4,5.5' ,6,6'-NoCB 208 50 70-130 40 60-140 50-ISO 

DeCB 209 so 70-130 40 60.140 5().150 
·c. ~2-'-1oCB IL 100 SO. ISO so 35-13 5 30-140 25-150 

• ·c .+ ).JoCB 3L 100 50-ISO so 35-135 3().140 25-150 
" C,,-2,2" ·DiCB 4L 100 50-ISO so 35-135 3().140 25-150 
I c .-4,4'-DiCB 15L 100 50.150 so 3S-135 30-140 2S-150 

"( ,-2..2'.6-TrCB 19L 100 SO. ISO 50 35-IJS 30-140 25·1 so 
"t.-3 4 4'-TrCB 37L 100 50-150 so 3S-135 30-140 25·1 so 

' '( ~2.2' 6 6'-TeCB S4L 100 5().1 50 so 35-135 30-140 25-ISO 
IJCI2·3 3',4,4'-TCB 77L 100 50-150 so 35-135 30-140 25-1 so 
"C,-3 4 4 ',5-TeCB 81L 100 50-150 50 3S-135 30-140 25-150 

-
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LaMied compouad 
IUPAC Test cone VER' IPR OPR recovtr>' in samoles 

Co•~&taer n·um~ {n&fmL)' 1%} RSDJ%1 X(%) ("/o) (o/o) 
''(;,,-2,2',4,6,6'-PeCB 104L 100 5().150 so 35-135 30-140 25-150 
''C,,-2,3,3'.4 4'-PeCll IOSL 100 5().150 so 35· 135 30-140 25-150 
·~ ,-2,3 4 4' 5-PeCll 1141 100 5().150 so 35-135 30-140 25-150 
~,.,..2 3' 4 4' 5-PeCB 1181 100 50-150 so 35-135 J0- 140 25·150 

• .,.2',3,4 4' 5-PeCB 1231 100 50-150 so 35-135 )().140 25-150 
.,-3,3',4"4',5~PeCB 1261 100 50-150 so 35-135 3().140 25-150 

' 'C,,-2,2',4,4',6 6'-JhCB ISSL 100 50-ISO 50 35-135 3().140 25-150 
''C,.-2,3,3',4,4'.5 · FbcCB 156l 100 50-ISO so 35-135 30-140 25-150 
·~ • .,-2,3.3' 4 4 ' 5'-llxCB 1571. 100 50-150 so 35-135 3().140 25-150 

C,,-2.3',4 4' .• 5 S'·HxCB 1671. 100 50-ISO so 35-135 3().140 25-150 
" ~ • ..-3 3',4,4',5,5'-HxCB 1691 100 50-150 50 35-135 3().140 25-150 ··c .,.2.2'.3.4' 5 6,6'-HpCB 188L 100 50-1 50 so 35-135 3().140 25-1 so 

' 'C,-2',3,3',4,4',5,5'-HpCB 1891 100 50-150 50 35-135 30-1 40 25-150 
'C. .-2 2',3,3',5,5',6 6'-0cCB 202L 100 50-ISO so 35-135 30-140 25 -1 50 
''C,,-2,3,3',4,4',5 5',6-0cCB 2051 100 50-150 so 35-135 30-140 25-150 

''C,-2,2',3,3'.4.4'.5 5' 6-1\oCB 2061 100 50-150 so 35-135 30-140 25-150 
C -2 2' 3 3'.4.5,5' 6 6'-NoCB 2081 100 50-150 so 35-135 30-140 25-150 

"C,,-2,2' 3 3' 4,4',5,.5',6,6'-DeCB 2091 100 50-150 so 35-135 30-140 25-150 
QNitup stuulill'il 

"(.,.2,4 4'-TrCB 1.8L 100 60-130 ·~ 45-120 40-125 30-135 
'-'C.,,-2 3.3' 5 5'-PoCB I Ill 100 6().130 45 45-120 40-125 30-135 I 

''<.. --2 2' 3,3'.5.5' 6-Ho<. B 1781 100 6().130 45 45-120 40-125 3().135 I 

l. QC acceptance critena for IPR, OPR, and samples ba.')C([ on a 20 ~tL extract final volume 
2. Suffix "L" mdicates labeled compound. 
3. See Table 5. 
4. Section 15.3 
5. PCBs 156 and 157 are tested as the sum of two concentrattons 
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Table 7. Scan descriptors, levels of chlorination, m/7. information, and substances monitored by 
HRC.C/HR!VIS 

Function and 
chlorine level m/7. mh type mlzformula Substance 

Fn-1; Cl-1 188 03')3 M 12C H 35CI ' 12 9 • Cl-1 CB 

190.0363 M+2 "C., H.. ncl Cl-1 CB 

200.0795 M "C12 14 35Cl uc, Cl-1 CB 

202.0766 M+2 13c1, H.. J7n "C12 C1-1 CD 

218.9856 lock C4 F9 PI'K 

Fn-2; Cl-2,3 222.0003 M "C., H,. 35CI2 Cl-2 PCB 

223.9974 M"'2 1~Cu II. JsCI n ('! Cl-2 PCB 

225.9944 M+4 12C12 H1 
37CI2 Cl-2 PCB 

234 0406 M '
3C,, H, ' 5Clz 13C12 Cl-2 PCB 

236.0376 M+2 "C., H8 
35Cl n Cl uC12 Cl-2 PCB 

242.9856 lock c, I', PFK 

255.%13 M 1 'C u H, 3sct, Cl-3 PCB 

257.9584 M+2 "C H Jscl nCI •12 7 z Cl-3 PCB 

Fn-3 255.96 13 M 1'Cu I-I, 3sctl Cl-3 PCB 

CJ-3,4,5 257.9584 M-2 "C H Jscl l'CJ u 1 2 CJ-3 PCB 

259.9554 M+4 ucu H, JsCinCl, Cl-3 PCB 

268.0016 M c.•c H 3'Cl 12. 7 1 ucu Cl-3 PCB 

269.9986 M+2 nc H Jscl J'CI 12 1 2 • '
3C,, Cl-3 PCB 

280 9825 lock C, I'u PFK 

289 'J224 M ucu H6 nCI, Cl-4 PCB 

291.91')4 M+2 "Cu ~ JsCIJ " CI Cl-4PCB 

293.9165 M~4 12C H 35CI 3''<.'1 12 6 l 2 Cl-4 PCB 
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Fun ction and 
chlorine level miL m/ztype m/z formula Substance 

301.9626 M 13
(; H "'CJ, ' 12 6 ' 

13C12 Cl-4 P(;H 

303.9597 M+2 "C,, ~ ~5Cl3 37CI 13C12 <.:1-4 PCB 

323.8834 M 12C 12 H5 3'CI5 Cl-5 PCB 

325.8804 M t2 12C12 H5 35Cl, '11('1 Cl-5 PCB 

327.8775 M•4 12C12 H5 "CI3 " CI, Cl-5 PCB 

337.9207 M+2 uC11 H5 "CJ, 3'CI uC12 Cl-5 PC'R 

339.9178 M+4 " C11 1-l5 35CI3 
37CI2 uC'12 C'l-5 PCB 

Fn-4 289.9224 M ll(; ~ 3'Ct 12 • Cl-4 PCB 

Cl-4,5,6 291.9194 M12 12(: 12 f\; 35CI3 "Cl Cl-4 PCB 

293.9165 M+4 12
(;12 H. " CI, 31Cl2 Cl-tl PCD 

301.9626 M+2 '"C,2 ~ 
35Cl~ 31Ct 13C12 Cl-4 PCH 

303.95')7 M+4 llC 12 I-~ JsCI, l'CI, 13CI, Cl-4 PCB 

323.8834 M 12C12 H, ~'ct, Cl-5 PCB 

325.8804 M+2 12C, H, 35Cl4 
37Cl Cl-5 PCB 

327.8775 M-4 ucu t4 l'CJJ J'Ct, Cl-5 PCB 

330.9792 lock C1 F15 PFK 

337.9207 M t2 uc12 H, 35CI, 37CI "<.:, Cl-5 PCB 

339.9178 M+4 13C H "'CI "Cl • Jl s .t 2 
13C12 Cl-5 PCD 

359.84 15 M+2 nc, H. 35Ct, 31Ct Cl-6 PCB 

361.8385 M+4 13C12 I I.. 35CL, 37CI, Cl-6 PCH 

363.1!356 M+6 uc I I.. J'Cl l'Cl 12 .) 2 Cl-6 P(' H 

371.8817 M+2 13C H. 35Cl ncl 
12 ' 

"<.:, Cl-6 PCB 

373.8788 Mt 4 13C12 H, »cJ, 31CI2 °C, Cl-6 PCB 

Fn-5 323.8834 M "Cu t4 »c~s CI-S PCB 
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Function and 
chlorine level m/z mh type m/zformula Substance 

Cl-5,6,7 325.Rf!ll4 Ml2 12C H 3s('l 17('1 ll $ • 4 CJ-5 PCB 

327.8775 M+4 12C' H " CJ "CI 12 5 1 l Cl-5 PCB 

337.9207 M+2 " C" H, lSCJ. nc l uc12 Cl-5 PCB 

339.9 178 M+4 "C~~ H, 3sCI~ l1Cil 13C12 C'l-5 PCB 

354.9792 lock C9FI3 PFK 

:159.8415 Mt2 12C H lSCI ·"'(,'J 
' 12 4 s Cl-6 PCB 

361.8385 M+4 " C" H., "CI. 3'CI, Cl-6 PCB 

363.8356 M..-6 " C 11 H.. JsCI, 3'CIJ Cl-6 PCB 

371.8817 M+2 "C, H, JsC4 na uC12 Cl-6 PCB 

37:1.117118 M+4 13C H •so no 12 .. .. ~ l "C12 Cl-6 PCB 

393.8025 Mt 2 12C H 31CI " CI 12 3 • <i Cl-7 PCB 

395.7995 M+4 12C12 H3 ="Cis ·"ct, Cl-7 PCB 

397.7966 M+<> 12C H 1'CI. 17CI 12 l ) Cl-7 PCB 

405.8428 M-2 " C, Hl 3sc~ 37CI uc12 \1-7 PCB 

407.83911 M+4 "C12 113 
31C4 37Cl2 "C12 Cl-7 PCB 

454.9728 QC C11 F17 PFK 

Fn-6 393.8025 M+2 ''C 12 H, "'Cl, "Cl Cl-7 PCB 

Cl-7,8,9, 10 395.7995 M+4 " Cn H, l'CI, 3'CI, Cl-7 PCB 

397.7966 M+6 llCI, Ill lsC'I. "CI, Cl-7 PCR 

405.8428 M•2 " C12 H3 
31CJ. 37CI uC12 Cl-7 PCB 

407.8398 M t4 13C H 3'CI ·"'CI ll 3 • s 2 
11C, 2 Cl-7 PCB 

427.7635 M+2 12C H " CI 37Cl -' 12 2 • 7 Cl-8 PCB 

429.7606 M+4 12C 12 H, "'CI• "Cl, Cl-8 PCB 

431.7576 M+6 12C H "'Cl "Cl ' 12 2 . s J CJ-8 PCB 
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Function and 
chlorine level mft m/ztype m/z formula Substan ce 

439 1!038 Mi2 uc H lSCI n(:J u 2 1 
13C12 Cl-8 PCB 

441.8008 M+4 'JC,z Hz " CI, HCJ, " C 12 Cl-8 PC~ 

442.9728 QC Cw Fn PFK 

454.9728 lock C11 F13 PFK 

461.7246 ~+2 'ZC, II, 35CJ. 31CI Cl-9 PCB 

463.72 16 M+4 'ZC H 35CI 31C'I 12 I 7 l CI-9 PCB 

4(J5.7l87 M 16 llC H JsCI l' Cl 12 I G · J Cl-9PCB 

473.7648 M+2 13<" H " CI 37CI 12 I I "C, Cl-9 PC~ 

475.7619 \1+4 "C H 31Cl 37Cl 12 I 7 2 uC12 Cl-9 PCH 

495.6856 M+2 13C 12 II. 35(4 37CI C:l-10 PCB 

497.6826 M+4 'lC" Jscl, J7 Clz Cl-10 PCB 

49'>.6797 M 16 12c JSCI l' CI 12 .. 7 • J Cl-10 PCB 

507.7258 M+2 uc 12 1-1. " CL, ..,CI 13C12 Cl-1 0 PCB 

509.7229 M+4 "c 11 H. 35Cl, 37Cil uc ,2 Cl-1 0 PCB 

511.7199 M+6 "c H HCJ l'Cl ·t2. 4 8 4 
13C12 Cl-1 0 PCB 

1. Isotopic masses used for accurate mass calculation 
111 1.0078 
1ZC 12.0000 
"C 13.0034 
31CJ 34.9689 
37CI 36.9659 
19F 18.9984 
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Table 8. Theoretical ion abundance nuios and QC limits 

C hlorine atoms m fz's forming t·atio Thoorel.iClll rxtio Lower QC limit Up11~r QC lim it 

I mfm+2 3.13 2.66 3.60 

2 mf(m12) 1.56 I 33 I. 79 

3 mf(m+2) 1.04 0 .88 1.20 

4 mf(m+2) 077 0.6~ 0.89 

5 (m+2)f(m+4) 1.55 I 32 1.78 

6 (m l :t)f(m+4) 1.24 I OS 1.43 

7 (m+2)f(m+4) 1.05 0.89 I 21 

8 (m+2)f(m~) 0&9 0.76 1.02 

!I (m+2)f(m+4) 0.77 065 0.89 

10 (m+2)f(m 14) 0.69 0.59 0.7~ 
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Table 9. Suggested Sample Quantities to be t-:xrractcd lOr Various Matrices' 

Percent Quantity 
'am ole matrix1 .x•mole solids Pl•••e u:tracted 
;;;;i.,.nha"" 
queous Drinkinu water 

(ifOwJdwalcr <1 \ 1000 mL 
reatcd wastl.:w~cr 

~id DrY soil 
·omoost >20 Sohd 10& 

prganic 
\<II 
.Voste solvent 
.VasteOtl <I Organic JOg 
Ont->nic 110lvmer 

•~uc ish 
Org111ic JOg Ruman adinose 

)If ull i· oloiiSe 
Uauid/Solid -
f\queous/Sohd 1\Vet soil -Untreated cmucut 

O.Oested mwtidonl sludoc 1-30 SoM 10& 
'iller cnke 

aner "'~" 
prganic/Miid Lndustrial sludoe 

1-100 Both Ill g Oilv waste 
l.iouid/Linuid 
1'\quooo&'organic n·omcess effiuent 

Untreate-d cffiucnt -- <1 Orgaruc 10 K 
Di1.iiil waste 

~queoU$1orgaruclsohd UOtrea!ed effiucrll 
>1 Organic & sohd lOg Drum w.!Ste L-

The qtw1ti1Y of5aJ!l>le tO be extracted IS adJIISled to provide 10 g of solids (<by weight) One hter of &qUeous 
samples oontaining ooe perCMt sobds Will conuun I 0 grams of soLids. For aqueous samples conta1nong 
grc•tcr thm one percent solids, a lesser volume os used so that 10 grams of soLids (<by weight) will he 
extmcted 

2. ll1c snmplc matrix may be amorphous for some samples. In general, when the CBs we in ountsL1 with • 
muln-phase SYStem in which ouc uf the ph"""" is water. they "'·" be preferentially d1sperscd iu or ad.'«>rbcd on 
the alternate phase because of ~1eir low solubility in water 

1 Aqueous samples are fillered after spiking with the l•bclcd compounds. The filtrate and the motennls trapped 
on the filter are extracted separately, nnd the extracts are combined for cleanup and analysis 
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Oelor11•• %ooids 
§ 112 

l 
Determine pricte $1ze 

§ 11.3 

A Prep per§ 11.5 
Yes No 

(~om§ 11.2) Prep per§ 11.4 

i l 
Spike Labeled Tollicsii.OC 
Mldo~llners per 

§ 11.522 

Spike labeled ToidcsltOC 
window-definers per 

§ 11.42.2 

l 
Extac1 ra § 12.2.1 . 

Particle 
§ 12.2. or§ 12.23 

me> 1 mm? 
No 

(from §11.3) 

Yes 

G!1nd per § 11.7 

I .. 
sos extraction Spike Claatql $tinla'd per 

per§123 § 12 5.1 

"' l Concentale per 
Back ax1rac1 per §12.6 -§ 12.7 

§ 12.5 1 

l Clean u£ per 
§13.2-§ 13., or§ 13.7 

Transfer 11Yo:;t 
Na.1so, per§ 1 .5.6 ~ 

I Coooon1rat& per 
§12.6 -§ 12.7 

~ 
Spike Injection inlamal 

stand a-d per§ 14 2 

1 
An~ per § 1 - § 18 

1CC....ol'O 

Figure 1 Flow Chart for Analysis of Aqueous and Solid Samples 
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AqueQIJS 

Figure 2 Flow Chart for Analysis of Multi-Phase Samples 
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Figure 3 Flow Chari for Analysis of Tissue Samples 

103 



Method I 668, Revision A 
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Figure 4 Solid-phase Extraction Apparatus 
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Figure 5 Soxhlet/Dean-Star11 Extractor 
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Figure 6 Cetyl column resolution test #1 : Separation of Cl-3 congeners 34 and 23 with 
valley <40% (I.e. 1 OOx/y < 40%) 
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Figure 7 Cetyl column resolution test #2: Separation of Cl-7 congeners 187 and 182 
with valley < 40% (i.e. 100 xJy < 40%) 
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CliO 

Cl9 

<:18 

C l7 

C l6 

CIS 

C14 

C13 

Cl2 

Cll 

55 60 

Figure 8 CB congeners at each level of chlorination on the SPB-octyl column 
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24.0 Glossary 

These definitions and purposes are specific to thiS Metl•c•l but have been conformed to commnn 
usage to the extent possible 

24.1 I :nit.• of weight and measure and theu abbrL'Viations 

:Z.4.l.l Symbols 

'C degrees Celsius 
.uL rni<..Toliter 
.um m1crometet 
< less than 
> grelller than 
% percent 

24. 1.2 Alphabetical abbreviations 

etn centlmctet 
g gram 
h hnur 
10 tnSidC ditlmeter 
in inch 
L liter 
M Molecular ion 
m meter 
lll8 millisnun 
nun nunutc 
mL mtlhliter 
mrn milhmeter 
rnlz ma.'l.•·to-charge ratio 
N nom1ru; gram moleculur wcisht of solute divided by hydrogen cquiv1tlcnt 

nf w lute, per liter of soluuon 
OD outside ditlmeter 
pg picogram 
ppb part·per·billion 
ppm ptllt·pcr·million 
ppq part· per·quadnllton 
ppt pan·per·trillion 
psis pounds-per-square inch gauge 
v/v volume per w1it vol um~ 

w/v weight per urut volume 

24.2 Oefinitio!IS and ootonyms (in alph.Wc.:tie~~l order) 

Analyte-A CU tested for by this Mcthnd The analytes are hsted in Table I. 

Calibration s tandllrcl (CAL}-A solution prepared from u sccnndary standard and/or stock solutions 
and used to calibrate the response of the HRGC/HRMS instrument. 
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Calibration verifiCJOtion standard (VER}-11\e mid-pomt calobratooo slaOdard (CS-3) tlud "u'Sed to 
verofy calobnuoon. See Table 5. 

C.R-<:hlorinated biphenyl congener. One of the 209 ondtVJdual chlorinated biphenyl amseners 
dctenmned using this Method The 209 CAs are listed in Table I. 

CS-0.2, CS-1, CS-2, CS-3, CS-4, CS-5 Sec Calohratinn slimdards and Table 5. 

OeCB - dccachlnrnbirhenyl (PCA 209) 

OIC:O-dichlorobiphenyl 

E5timated m.thod detection limit (F.MT>L}-The lowest concentration at which a CB can he dctcctcxl 
with common laboratory inte<ferences present EMDL• >trc listed in Table 2. 

Estimated minimum level (DJL}-The lowest concentration at wluch a CB can be mC>L'<Ured reliably 
woth common labont!ory interferenoes present EMLs are listed in Table 2. 

Fifld blank-An aliquot of reagent water or other reference matrix that is placed in a sample container 
in the labc.muory or the field, and treated as a sample in all respects, mcluding exposw c tu ssmpling site 
condouons, storage, preservation, and all analytical procedures The purpose of the field bllll\k os to 
determine if the field or sample transportong procedures and environments have contaminated the sample. 

CC Uas chromatograph or gas chrurmttnl!"aphy 

Gl'C--Gel permeation chromatograph or gel pcrmeatoon chromatography 

Ht>CB- hcpt!tChloombiphenyl 

IIPLC-High performance liqurd chromntograph or hogh pcrfconnance liquid chromatography 

H RGC High resolution C'.C 

o:RMS---IIigh resolution MS 

HxCB hcxi1Chlor<ohiphenyl 

LRbded injection internal standnrd All fovc, oo any nne nfthe five, "C,,.labeled CD congeners 
•piked into the concentrated extract immediately prior to mjectoon of an aliquot uf the extract into the 
HRUC/HRMS. Tile five Laloclcd injection internal standards in this Method are CBs woth IUPi\C 
numbers 9, 52, 10 1, 13!!, and 194. 

internal standa~a labeled compound used as a reference for quantitation of other labeled compounds 
and for quantitation of native C.B congeners otllcr tl1111o the <~mgener of which it is a labeled analog. See 
lnt<'mall<landard quantitation. 

Internal standard quaotitatioo A means of dctc'fTtlining the concentration of (I) a naturally occumng 
(nmivc) compound by reference to a compound other tluln rts labeled analog and (2) " labeled compound 
by reference to another labeled compow1d. 
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ll'R-lnitial precision and recovery; four aliquots uf" reference matrix spiked wnh tl>e analytes of 
interest >111d labeled compounds and analyzed to establish the ability of the laboratory to generllle 
acceptable pree1sion and n:cuvery An TPR is performed pnor to the first time this Method is used and 
any time the Method or instrumenl4~on is moditit:d 

Isotope dilution quantiurion-A means of detemurung o nlllurally OCCUITing (native) compound by 
reference to the same compound m which one 0< more atoms has been LSOIOplcally enriched In this 
Method, all 12 carbon atoms m the b•phenyl molecule are enriched with carbon-13 to produce "c.,. 
labeled analog.< nfthe chlorinated biphenyls. The "Cn· labeled CBs are spiked into each sample and 
allow identitication ond con·ectinn uf the concentration of the native compounds in the >111alytical 
process 

K-0 Kudem11·Danish concentrator; a device used to eoncentrllle the 81Ully«:s in 11 solvent 

Laboratory blank- See Method blank 

Laboratory control •am pie (I .CS)-See Ongoing prec•ston and recovc•y st>tndard (OPR) 

Laboratory reagent blank- See Mctluld blank 

May llus actum, HL'Iivity, or procedural step is neither reqUired nor prohibited 

May not-'1 his action, actiVIty, or I>B'>l:cdural step is prohibited. 

Method hlank- An aliquot of reagent water that is treated exactly a~ a sample including exposure to nil 
glassware, equ1pmenl, solvcnL•. rclll!cnts, internal standards, and surrogates tlllll ore used with samples 
The Method blank is used 10 determtne lf analytes or interfcn.'tlces are present in the laboratory 
environment, the reagents, or the apparatus. 

Minimum level of quootitation (ML)- TI>e level at which rhe entire analyttcal system must give a 
rccugnizablc sib'11al and acceptable calibration pomt for the analyte. Tt is equivalent to the concentratiOn 
of the lowest cahbrlllion standard, !lSSuming that all Method-specified swnplc wcightll, volumes, and 
cleanup procedures have been employed. 

MoCB monuchlnrobiphenyl 

Ms-Mass spectrometer or mass spectrometry 

Must Thi~ uctiun, activity, or procedural step is required. 

NoCB·non3chlorobiphenyl 

OeCB-tx.'btchlO<obiphenyl 

OPR-{)ngoing precision and recovery standard (OPR), a method blank spiked With known quantities of 
analytes. Titc OPR is analped exactly like a sample. lts pw·posc is tu a•sure that the results produced by 
t.he laboratory remain wid1in the limits S(>CCificd in this Method for precision and recovery. 

Perfluorokerosene (PFK)-A mixture of compounds used to callbrllle the C><IICI mh. scale in the IlRMS. 

110 



MelhJJd 1668. Rewslon A 
Prepa.,.lion blank-$ee Method blank 

Quality control check SHmple (QCS)-A sample conlilining all or a subset of the analylcs at known 
concentrations. The QCS is obh;inc'tl from a source extemal to the laboratory or is prepared from a 
source <>f standards different from the source of calibration Slandards. lt1s used tn check laboratory 
performanoe w1th test materials prepared external to the normal p<epararion prooess. 

PeCR-pcntachlorobiphenyl 

PCB polychlnrinHted biphenyl 

Reagent wa ttr-water demonstrOicd h> be free from the analytes of Interest and potentially interl"enng 
substances ill the method detection hmn for the analytc 

Relative standa rd deviation (RSD)-The standard devumon umes I 00 divided by the mean. Also 
tcnncd 'coefficient of variation." 

RF- Response factor. Sec Sc<:tion I 0 5 

RR-Rehrtive response. ~ Section I 0.4 

RSD-See Rel811vc stJ<ndard deVlation 

SD5-Soxhlet/Oean-Stark extractor; an extraction device applied to the extract iron of solid and semi
solid m01criul~ (Reference I I and l'igure 5 ). 

Signal-to-noise ratio (SIN) TI>e hcighl of the signal as measured from the mean (average) of the no1se 
to the peak mKXimum divided by the wtdth of lhe noise 

Should-TillS ochon, act1vity, or procedural step is suggested bul not required 

S ICP- Sclcclcd ion c.urrent profile; tl1e line described ny lhe signal at an exact m!.L. 

SP.,_~hd-phasc cxtr&:tion ; an extraCtion technique 111 wh1ch an analyte is extracted from an aqueous 
....,pie by passage over or through a material capahle of reversibly adsorbmg the analyte Also termed 
liqu1d-sohd extraCtion. 

Stock solulion-A solution conu:unin8 an analyte that is prepared usmg a relercncc material traceable to 
EPA, the Natiunal TnstiMe of Science and Teclmology (NT~T), or a source that will onesl to tf1c purity 
and authenticily of tltc rcfen.'l1ce material. 

T eCB-tetrachlorobiphenyl 

TEf'-TOXJCIIy equJValcocy flldnr, "" estimate of the tOXICity of a spc<.;fic cnngener relative to 2,3, 7,8-
tctrachl<m.>dibenzo-p-dioxin. 

T EQ-the toxicity equivalenl conccntTalion in an environmental sample It is lhe sum of the 
concenlfations of each individual toxic PCB and C>JCh individual2,J,7,8-substllulcd,tclnl·through 
octachlorinrued, d1ben2<>-p-i:liuxin Md diben.zofuran mult1phcd by their respective 11Jils (Refereooc I) 
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T EQI'\:0-the portion of the TEQ llltr•hutahlc to the toxic I'CBs. 

T rCB-llichlnrnhiphenyl 

Unique GC resolution or uniquely r.,.olved-Two adjacent chromatographic peaks in which the height 
of the wlk'Y •s less than 40 percent of the betgbt of the shorter peal: (See sectio.n 6.9.1.1.2 and Ftgurco. 6 
and 7 tor uruquc resolution specific to the SPB-octyl column). 

VF.R-See Calibration verificauon. 
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Annex A- Preliminary information for determination of209 CBs on the DB-1 
column 

1 Column and Conditions 

1.1 C.ulumn-30±5-m kmg x 0 25±() 02-mm ID; 0.25-Jtrn film Oll-1 (J&W, or cqu•valcnt). 

1 .2 Suggested GC operating conditions: 
Injector tcmpcullurc· 270 "C 
Interface temperature: 290 •c 
Initial temperat1.1re: 75 •c 
II1itial time. 2 minutes 
Tempemture progrt~m: 75-150 •c@ 15 • CJminute 

150.270 •c@ 2.5 "Ciminutc 
Final time· 7 minutes 
Carner gas velocny 40 em/sec @ 200 "C 

Note: The GC conditions may be optimized for compound separation anthen<ltmty 
Once optimized, the .<ume GC L"nthtwns m11st be 11sed for the analysts of all standard.t, 
blan/cs, IPR a11d OPR aliquots, and samples. 

2 Operating Information 
2.1 Congener solutions-Mixes of individual congeners that will allow •cpurllliun nf all 209 

congeners un the DB- I column h!l(l not been developed at the date of wT!ling of Rcv1S10rl A 
to Method 1668. 

2.2 Elution ordet dat.>t-Thc cnngL'Ilcr mixes developed for the SPD-octyl column (Table 4 of 
Method 1668) were run on the DB-I column. Although some congeners in these mixes c<r 
elute on the OR-I column, the mixes allow determina!Joo of retenuon tunes the DB-I 
colwnn. These retention llmco. 11rc shuwn in Annex Table A-I 

2.2 Window-defining cong<:fl'Q-The beginning and ending congeners at each level or 
chlonnalloo are the same as tho.c for the SPB-(lCiyl column. See Table 2 in Method 1668. 

2.3 SC>Il1 descriptors-The I\-function scan descriptors are shown m Arlllex Table A-2 
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Table A-1 . Retention time (RT) references, quantltat1on references, relative retention hmes (RRTs), estimated detection limits (EMDLs). and estimated minimum levels (EMLs) for CB congeners using a DB-I column. 

IUPAC R-ntlon time and IUPAC 
Labeled or native CB' number quanlitation references numbe RT RRT RRT QC limits' 

1'C1,-2-MoCB' 1L ' 'C11-4-MoCB' 5 3L 09:17 0.6855 0.8776-0.8935 
2-MoCB 1 ''C1r 2-MoCB' 1L 09:17 1.0000 0.9964-1.0072 
3-MoCB 2 ''C,,-4-MoCB'·' 3L 10:22 0.9889 0.9809-0.9968 

13<;,,-4-MoCB'-' 3L ' 'C.,.-2,2',5,5'-TeCB' 52L 10-29 0.5561 O.S.73-0.5650 
4-MoCB 3 ''C,,-4-MoCB'-' 3L 10.29 1.0000 0. 9968-1.0064 

' 'C,,-2,2'-DiCB' 4L ''C,,.-4,4'-DiCB._. 15L 11:08 0.7591 o.7477-o.nos 
2,2'-DiCB 4 ' 3C1,-2,2'-DiCB' 4L 11:08 1.0000 0.9925-1.0075 
2,&-DiCB 10 ''e,,.-4,-4'-DiCB._. 15L 11:10 0.7614 0.750().0.7727 
2,5-0iCB 9 "e.,-4.-4'-DiCB0 15L 12:()8 0.8273 0.8216-0.8330 
2,4-DiCB 7 "C .,-4,4'-DICB'' 15L 12:09 0.8264 0.8227-0.83-41 
2,3'-DiCB 6 ''C,-4.4'-DICB' ' 15L 12:31 0.653-4 0.6477-0.8591 

2,4·-o;ce• 8 ''e ,~4 4'-DiCB' ' 15L 12:43 0.8670 o.8614-o.an7 
2,3-DiCB 5 "'C,,.-4.4'-DiCB" ' 15L 12:46 0.8705 0.8648-0 8761 

''C,.-2,2' &-TrCB' 19L ' 'C.,-2,4.4'-TrCB' 28L 13:31 0.7990 0.7892-0.8089 
2,2',&-TrCB 19 ''C.,-2,2',6-TrCB' 19L 13.31 1.0000 0.9975-1.0049 

3,5-DiCB 14 "C,,.-4,4'-DiCBu 15L 13:36 0.9273 0.921&-0.9330 
2,4,&-TrCB 30 ''C,~2,4,4'· TrCB" 28L 1-4:06 08335 0.8286-0.8364 

3,3'-DiCB 11 "e,.-4,4'-DiCBu 15L 14:11 09670 0 9614-0.9727 
3,4'-DiCB 13 ''C • .-4,-4'-0iCB" 15L 14:26 0.9841 0 9764-0.9898 
3,4-DiCB 12 ''C, -4,4 '·01CB' 5 15L 14:27 0.9852 0.9795-0.9909 

2,2·.s-rree• 18 ''C,-2.4,4'-TrCB' 28L 14:36 0.8631 0.8581-0.8680 
' 'C12-4,4'-DiCS'-' 15L "'C ,,.-2 ,2 ',5,5'· TeCB' 52L 14:40 0.7781 0. 7692-0.7869 

4,4'-DiCB 15 -'C ,,... '4'. Dies<-' 15L 14.40 1.0000 0.9977-1.~ 
2,2',4-TrCB 17 ' 'C, -2,4,4'-Tree' 28L 14:43 0.8700 0.8650.0.8749 
2,3',&-TrCB 27 "C,-2,4,4'· TrCa' 28L 15:06 0.8926 0.8877-0.8975 
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IUPAC Retention time and IUPAC 
Labeled or native CB' number' quantitation references number RT RRT RRT QC limits 

2,3,6-TreB 24 "'C1;r2.~,4'-Tree' 28L 15:06 0.8926 0.8877-0.8975 
2,2 ',3-TreB 16 "C.,-2,4,4'-Tree' 28L 15:26 0.9123 0.9074-0.9172 
2.4',6-TreB 32 "'c,-2,4,4'-Tree• 28L 15:29 0.9153 0.9103-0.9202 

''C.,-2 .2',6,6'-TeCB' 54L ''C,,..3 3',4,4'· T eCB''" 77L 16:02 0 6139 0.6075-0.6203 
2.2',6,6'-TeCB 54 "C.,-2.2',6 6'· TeCB' 54L 16:02 10000 0.9979-1 .0042 

2',3,5-TreB 34 ' 'C.,-2.4,4'-TreB' 26L 16:03 0.9488 0.9438-0.9537 
2,3,5-TreB 23 ''C.,-2.4,4'-TreB' 28L 16:07 0.9527 0.9478-0.9576 
2,4,5-TreS 29 ' 'C,-2,4,4'-TreB' 28L 16:18 0.9835 0. 9588-0 9885 
2,3',5-TreB 26 ''C,-2,4,4'-Tree' 28L 16:29 0.9744 0.9895-0.9793 
2,3',4-TreB 25 "Ct1"2,4 4'· Trel'l' 28L 16;36 0.9813 0.9764-0.9862 
2,4 ',5-TreB 31 "C,.-2,4,4'-TrCI'I' 28L 16:52 0.9970 0.9921-1.()()20 

"C.,-2.4,4'-TreB' 28L " C1;r2.2',5,5'-TeCB7 52L 16:55 0.8974 0.8930.C.9019 
2.4.4'-Tree• 28 "C,.-2,4,4'-TreB' 28L 16:55 1.0000 0.9980-1 .0039 

2,2',4.6-TeCB 50 ''C , -3,3',4,4'-TeCB' 5·0 77L 16:55 06477 0.6414-0.6541 
2,3,4-TreB 21 ''C,,..2,4,4'-TreB5 28L 17:21 1.0256 1 .0207-1 .0305 

2,2' ,5,6'-TeCB 53 ' 'C.,-3,3 ,4,4'-TeC!r .. 77L 17:26 0.6675 0.6611·0 6739 
2,3,3'-TreB 20 ''C02-2.4,4'-TreB5 28L 17:22 1.0266 1.0217-1 0315 
2',3,4-TreB 33 ''C,. -2,4,4'-TreB' 28L 17:24 1.0286 1.0236·1.0335 

2,2',4,6'-TeCB 51 "C12-3,3',4,4'-TeCB....,·' 77L 17:42 0.6777 0.6713-0.6841 
2,3,4'-TreB 22 "c,, -2,4.4'-Tree' 28L 17:43 1.0473 1.0424-1 .0522 

2,2',3,6-TeCB 45 "c.,-3,3',4,4'· TeCB'._. 77L 18:00 0.6892 0.6828-0.6956 
3,3',5-TreB 36 "c,.-2,4,4'-TreB' 28L 18:16 10798 1.0749-1.0847 

2,2',3,6'-TeCB 46 ''C,-3,3',4,4'· TeCB' ' ·0 77L 18:24 0.7045 0.6981-0.7109 
3,4',5-TreB 39 1~12-2,4,4'·TrCB5 28L 18:37 1.1005 1.0956-1 .1054 

10C12-2,2 ',5,5'· TeCB' 52L "C,,-2,2',5,5'-TeCB7 52L 18:51 1.0000 0.9956-1 .0044 
2,2',5,5'-Tece• 52 ' 'c,-3,3',4,4'· TeCB'·59 77L 18:51 o.n1e 0.7154-0.7281 

2,3',4,6-TeCB 69 ''c,:r3,3',4 4 '-Tecau• 77L 18:52 0.7224 o.71SO-o.nee 
___ _2, 3',5',6-TeCB 73 ''c,,-3,3',4,4'-Teca<'-' 77L 16:57 0.7256 0.7192-0.7320 
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Method 1668, Revis/011 A 

IUPAqi Retention time and IUPAC 
Labeled or native CB' number' quanlitation references number RT RRT RRT QC li mils 

2 2',4,5'-Teca 49 "C,-3,3' 4,4'-TeCB'!~ nL 19:00 0.7275 0.7211-0.7339 
2,2 ',3,!>-TeCB 43 "C,,-3,3' 4,4'-T~ nL 19:04 0.7301 0. 7237-0.7364 

3,4,5-TrCB 38 'le,.-2,4,4'-TrCB' 28L 19:12 1.1350 1.1300-1.1399 
2,2',4,4'-TeCB 47 "C,,-3,3',4,4 '-TeCB' .. 77L 19:15 0.7371 0.7307-0,7435 
2,4,4',6-TeCB 75 1~C.~3,3',4,4'-TeCB<4..5..G 77L 19:20 0.7403 0.7339-0.7466 
2,2',4,5-TeCB 48 "C.,-3,3',4,4'-TeCB'· .. 77L 19:20 0.7403 0.7339-0.7466 
2,3,5,6-TeCBI 65 "c,,-3,3' 4,4'· TeCB' .. 77L 19:31 07473 0.7409-0.7537 
2 ,3,4,6-TeCB 62 "c,,-3.3',4,4'-r eea•s.o 77L 19:36 0.7505 0.7441-C.7569 

3,3',4-TrCB 35 'le.,..2,4,4'-TrCB' 28L 19:41 1.1635 1.1586-1.1685 
' 'c,-2,2'.4,6,6'-PeCB' 104L ''c,,-2,3',4,4 ',!>-PeCB"i 118L 19:45 0.7037 0.6977-C.7096 

2,2',4,6,6'-PeCB 104 "C,,-2,2',4,6,6'-PeCB' 104L 19:45 1.0000 0.9983-1.0034 
2,2',3,5'-Tece• 44 ' 'c,,-3.3 ',4,4'· TeCB' '·' 77L 19:55 0.7626 0.7562-0.7690 

' 'c,·3.4,4'· TrCB' 37L ' 'c,-2,4,4'-TrCB' 28L 20:03 1.1852 11803·1 1901 
3 4,4'·TrCB 37 'le,-3 4,4'-TrCB' 37L 20:03 1.0000 0 9983-1 .0033 

2,3,3' 6-TeCB 59 ''c,,..3,3',4,4'-TeCa'-.. 77L 20:05 0.7690 0 7626-0.7754 
2 2 ',3,4'-TeCB 42 ' 'c,,-3,3' ,4 ,4'· T eca'-'• nL 2007 o.no3 0. 7639-0.7766 
2 3',5,5'-TeCB 72 "C,,-3,3'.4,4'· TeCB'-' ' nL 2036 0.7888 0.7824-0.7951 
2,3',4',6-TeCB 71 "C,,-3,3',4 ,4'· TeCB"·' nL 20:36 0.7888 0. 7824-0.7951 
2,3,4',6-TeCB 64 ''c,,..3,3',4,4'·TeCB' .. nL 20:37 0.7894 0.7830·0.7958 
2,2',3,4-TeCB 41 "C,,..3,3',4.4'· Tece•a. 77L 20:39 0.7907 0.7843-0.7971 

2 2' ,3,6,6'-PeCB 96 ''e,,-2,3',4,4',5-PeCB .. 118L 20:48 0.7411 0.7352-C.7470 
2,3'4,5'·TeCB 68 "C,,-3,3',4 4'-TeCB'_.. 77L 20:52 0.7990 0.7926-C.8054 
2,2' 3 ,3 '-TeCB 40 "C,-3,3',4. 4'-T eee .. ~• 77L 20:58 0.8028 0.7996-C.8060 
2,3.3',5-TeCB 57 ''c,-3,3',4,4'-TeCB' ~• 77L 21:21 0.8175 0.8143-C.8207 

2 2',4 5,'6-PeCB 103 ''e,.-2,3',4,4 ',5-PeCB'·' 118L 21:22 0.7613 0.7553-0.7672 
2,3' ,4,5-TeCB 67 ''e,-3,3',4,4'· TeCB''' 77L 21:38 0.8283 0.8251-0.8315 

2 2',4,4',6-PeCB 100 ''c,,..2,3',4,4 ',5-Peca;·> 118L 21:41 o.n2e 0. 7666-0.7785 
2,3,3', 5'-TeCB 58 ''e,·3,3',4,4 '-TeCB'·" 77L 21:43 0.6315 0,8283-0.8347 

A~ 



,\,fethod 1668. Rl'llmon A 

IUPAC Retention time and IUPAC 
Labeled or native CB' number qu1ntitation references number RT RRT RRT QC limits' 

2,3,4',5-TeCB 63 " C,r3,3' ,4,4 '-Tec8"'• 77L 21:51 0.8366 0.8334-0.8398 
2,2',3,5.6 '-PeCB 94 " c ,-2 3 ',4,4',5-Peee•• 118L 22:05 0.7866 0. 7609-0.7926 

2,4,4',5-TeCB 74 " C1r 3.3',4,4'-TeCB'" 77L 22:07 0.8466 0.8437 ·0.6500 
2,3,4,5-TeCB 61 1'Crr3,3',4,4'-TeCB"-!l.S 77L 22:11 0.8494 0.8462-0.6526 

2,3',4',5-TeCB 70 "C,.-3,3',4,4'-TeCB' · .. 77L 22:20 0.8551 0.8519-0.6583 
2',3,4,5-TeCB 76 ' 'C,.-3,3',4,4'-TeCB'"" 77L 22:25 0.8583 0.8551-0.8615 

2,2',3',4,6-PeCB 98 '"c,..2,3',4,4',5-PeCB"' 118L 22:28 08005 0.7975-0.8034 
2,3'.4.4'-Tece< 86 '"C,r3.3', 4,4'-TeCB'"" 77L 22:29 08609 0.8577-0.8641 

2,2',4,5.S'·PeCB 102 ' "c1,.2,3',4,4',5-PeCB"" 118L 22:32 08029 0.7999-0.8058 
2,2',3,5' ,6-PeCB 95 ' "c,,..2,3',4,4 ',5-PeCB .. 118L 22:34 08040 0.601 H l.8070 
2,2',3,5,6-PeCB 93 ' "c ,..2,3' ,4 ,4 ',5-PeCB .. 118L 22:38 08052 0.8023-0.8082 

I 3,3' 5 ,5 '-TeCB 80 '"c.r3.3',4,4'-TeCB'"" 77L 22:<15 08711 0.8679-0.874' 
I 2 2',3,4,6-PeCB 88 '"c,-2,3' 4,4',5-PeCB~•i 118L 22:49 0.8129 0.8100.0.8159 

2,2',3,4',6-PeCB 91 '"c ... 2,3',4,4',5-PeCB~' 118L 22:55 0.8165 0 8135-0.8195 
2,3,3',4 '-TeCB 55 '"c,-3,3 ',4,4'-TeCB' ' ·' 77L 22:57 0.8787 0.8756-0.8819 

2,3',4,5,'6-PeCB 121 '"c1r 2 ,3', 4 ,4 ',5-PeCB'' 118L 23:04 0.8219 0.8189-0.8248 
2,3,3',4'-TeCB 56 '"c,-3,3 ',4,4'· TeCB'' ' 77L 23:24 0.8980 0.8928·0.8992 
2,3,4,4'-TeCB 60 '"c,-3,3 ',4,4'-TeCB'· .. 77L 23:24 0.8980 0.8928-0.8992 

" CJ:z-2,2',4,4',6,6'-HxCB' 155L '"c.,..2,3',4,4',5,5'-HxCB .. 167L 23:43 0.7104 0.7054-0.7 154 
2,2',4,4',6,6'-HxCB 155 ''C.r 2.2',4,4',6,6'-HxCB' 155L 23:43 1.0000 0.9986-1 .0028 

2,2',3,3',6-PeCB 84 "C.,-2,3',4,4',5-PeCB"" 118L 23'44 0.8456 0.8426-0.8486 
2,2',3,5,5'-PeCB 92 '"c.,..2,3',4,4',5-PeCB"' 118L 23:50 0.8492 0.8462-0.6521 
2,2',3,4,6'-PeCB 89 "C.,-2,3',4,4',5-Pece•·• 118L 23:53 0.8510 0.8480-0.6539 
2.2', 3,4',5-PeCB 90 "C,,.-2,3',4,4',5-PeCB'·' 118L 24:07 0.8593 0.8563-0.8622 

"C .,.-2.2 ,4,5,5'-PeCB' 101L "C-,..2,2',4,5,5'-PeCB' 101L 24:11 1.0000 0.9966-1 .0034 
2 2',4,5.5'-PeCB" 101 "'C,,.-2 3',4,4' 5-PeCB" 118L 24:11 08616 0.6587-0.8646 
2.3,3',5',6-PeCB 113 ' "c,,..2,3',4,4',5-PeCB" 118L 24:23 08688 0.8658-0.8717 

3,3',4,5'-TeCB 79 '"c,,-3,3',4,4' · TeCB' .. 77L 24:27 09382 0.9330-0.9394 
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Method 1668. Re>•isron A 

IUPAC Retention time and IUPAC 
Labeled or ru~tlva CB' number' quantltation references number RT RRT RRT QC limits' 

2.2 ',4,4'.5-PaCB 99 . "C ,,.2,3' ,4. 4',5-PaCB"" 118L 24:28 0.8717 0.8688-0.8747 
2,2',3,4',6.6 '-HJcCB 150 "C,,.2,3'.4,4',5 5'-HJcCB"-' 167L 24:52 0.7449 0.7399-0.7499 

2,3',4,4'.5-PeCB 119 ' 'C - 2,3',4,4',5-PeCB"" 118L 24:54 0.8872 0.6842-0.8901 
2,3,3',5 5-PeCB 112 ' "C,,-2,3'.4,4',5-PeCB"" 118L 25:00 0.8907 0.8876-0.8937 
2,3,3',4,5'-PeCB 108 '"C.,-2,3',4,4',5-PeCB~' 118L 25:09 0.8961 0.8931.0.8990 

2,.2',3,5,6,6'-HxCB 152 ''c,r 2.3'.4,4',5,5'-HxCB .. 167L 25:17 0.7574 0.7524-o.7624 
2,2'.3,3',5-PeCB 63 ' 'C,,-2,3',4,4',5-PeCB'" 1 1BL 25:20 0.8919 0.8890.0.8949 
2,2',3 ',4,5-PeCB 97 '"C1r 2,3',4,4',5-PeCB5·• 1 1BL 25:22 0.9038 0.9006-0.9068 
2,2',3,4,5-PeCB 86 "C,,-2,3',4.4',5-PeCB'-• 11BL 25:27 0.9068 0.9036-0.9097 

"C,r3,4,4',5-reca• 81L ''C,,.-2,2',5.5'-TeCB' 52L 25:32 1.3546 1.3457-1.3634 
3,4,4',5-TeCB" 61 ''C.,.-3,4,4',5-TeCB' 59 77L 25:32 1.0000 0.9987-1.0026 

2',3,4,5,6'-PeCB 125 ''c,,-2,3',4,4',5-Peca•·• 118L 25:36 0.9121 0.9091-0.9151 
2,3,4',5,6-PeCB 117 ''c,.-2,3',4 4',5-Peca•• 118L 25:37 0.9127 0.9097-0 9157' 
2.2',3 4,5'-PeCB 87 "C.,.-2,3',4 4',5-Pecao• 118L 25:38 0.9133 0 9103-0 9163: 

3,3',4,5-TeCB 781 ' 'C,--3,3',4,4'-Tecs-'-"• 77L 25:40 0.9598 0.9565-0 9630 
2,2',3,4,6,6'-HxCB 1<45 ' 'c,,-2.3' ,4, 4'.5,5'-HxCB'·• 187L 25:42 0.7698 0.7649· 0 7748 

2,3,4,4',6-PeCB 115 '"C12-2.3',4,4',5-PeCB'·' 118L 25•44 0.9169 0.9139-0.9198 
"C12-2.3,3',5,5'-PeCB' 111L ' 'C,,.-2,2',4,5,5'-PeCB' 101L 25.51 1.0689 1.0655-1.0724. 

2,3,3',5,5'-PeCB 111 ''c12-2.3',4,4'.5-PeCB'·• 118L 25:51 0.9210 0.9181 -0.9240 
2,2',3,4,4'-PaCB 85 ''c,,-23',4,4',5-PeCB .. 118L 25:51 0.9210 0.9181 -0.9240 
2,3,4,5.5-PeCB 116 ' 'C,,-2,3',4,4',5-PeCB .. 118L 25:48 0.9192 0.9163-0.9222 

13C.,.-3,3',4,4'-TeCB'._. 77L ''C,-· 2,2'.5,5'-TeCB' 52L 26:07 1.3855 1.3767-1.39<13i 
3,3',4 4'-TeCB'-'0 77 ''c,,-3,3',4,4'· TeCB._.. 77L 26:07 10000 0.9987-1 .0026' 

2,2'.3,3 ',6,6'-HxCB 136 ''c,,-2,3' ,4 ,4 ',5,5' -HxCB"' 167L 26:10 01793 0.7743-0.7843' 
2,3',4,5,5'-PeCB 120 ''C,,-2,3',4,4',5-PeCB~' 118L 26:12 0.9335 0.9305-0.9365; 

2,2',3.4',5,6'-HxCB 148 ''C,z-2,3',4,4',5,5'-HxCB'·' · 167L 26:14 0.7858 0.7808-0.7908 
2,3,3',4',5-PeCB 110 ''C,.-2,3',4,4',5-PeCB'' 118L 26:16 0.9359 0.9329-0.9388 

2,2',4.4',5,6'-HxCB 154 1' C,r 2,3',4,4',5,5'-HxCB09 167L 26:44 0.8008 D. 7983-0.8033 
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Method 1668, Revision A 

IUPAC Retention t ime and IUPAC 
Labeled or native CB' number' quantltatlon references number RT RRT RRT QC llmlta' 

2,2',3,3',4-PeCB 82 "C.,.2.3',4,4',5-Pece•• 118L 26:48 0.9549 0.9519·0.9578 
2,2',3.5,5',8-HxCB 151 '"C,-2 3',4,4',5,5'-Hxce•• 167L 27:18 0.8178 0.8153-0 8203 
2,2',3,3',5,6 '-HxCB 135 ' "C ,,-2 3',4,4',5,5'-HxCB0 ' 167L 27•31 0.8243 0.8218-0 8268 

2",3,4 5,5'-PeCB 124 "c,,.2 3',4,4',5-PeCOO' 118L 27.36 0.9834 0.9804-0 9863 
2,2',3,4.5',8-HxCB 14-o! ' "C or2.3' ,4 ,4',5,5'-HxCB'' 167L 27•38 0.8278 0.8253-0 8303 

2.3,3',4',5-PeCB 101 ' "C,,-2,3',4,4'.5-PeCOO' 118L 27'40 0.9857 0.9828-0.9687 
2,2',3,4',5,8-HxCB 147 ' "C,,-2,3',4,<4',5,5'-HxcOO' 167L 27:44 0.8308 0.8283-0.8333 

2,3,3',4,6-PeCB 109 ' "Cll·2,3',<4,4',5-PeCB"' 118L 27:45 0.9687 0.9857-0.9917 
2,2',3,4',5',6-HxCB 149 13C1.-2,3',4,<4',5,5'·HxCB0_. 167L 28:01 0.8392 0.8367-0.8417 
2,2',3,3',5,6-HxCB 134 13C1.-2,3',4,4',5,5'·HxCB""' 167L 28:35 0.8562 0.8537-0.8587 
2,2',3,4,5,6'-HxCB 143 "C,.-2,3',4,4',5,5'-HxCB""' 167L 28:34 08557 0.8532-0.8582 

""C,,-2',3 4,4',5-PeCB' 123L '"C,,-2,2',4,5,5'-PeCB' 101L 27:53 1.1530, 1.1496-1 .156<4 
2',3,4,4',5-PeCB" 123 "c ,.-2',3 4,4',5-Peea• 123L 27:53 1.0000 0.9988-1.0024 
2,2',3,4,4',8-HxCB 139 "C.,-2,3',4,4',5,5'-HxCB~' 167L 28:01 0.8392 0.8387-0 8417 

2,3,3',4,5-PeCB 106 "c.,-2,3',4 4',5-PeCB5·' 118l 28:04 1.0000 0.9970-1 0030 
"c,,.2,3',4,4',5-PeCEf·' 118L ''C,,.2,2',4,5,5'-PeCB' 101L 28:04 1.1606 1.1571-11840 

2,3',4,4',5-Peca"-" 118 ' "C,,-2.3',4,4',5-Peca•• 118L 28:04 1.0000 0.9988-1.0024 
2,2',3,4,4',6'-HxCB 140 ' "C 12·2,3',4 ,4',5,5'·HxC850 167L 28:12 0.8447 0.8422-0.8472 

'"C1:r2,3,4,4',5-PeCB• 114L "C.,-2,2',4,5,5'-PeCB' 101L 28•38 1.1840 1.1806·1.1875 
2,3,4,4',5-Peca•• 114 "C,.-2,3,4,4',5-PeCB' 114L 28:38 1.0000 0.9988-1.0023 
2',3,3',4,$-PeCB 122 ' "C ,,-2, 3' ,4 ,4',$-PeCB'·' 118L 28:48 1.0261 1.0232-1.0291 

2,2',3,3',4,8-HxCB 131 1-'C1r 2,3'.4.4.,5.5'·HxCEr-' 167L 28:52 0.8847 0.8622-0.8672 
2,2',3,4.5,8-HxCB 142 "c,.-2,3',4,4',5,5'-HxcOO' 167L 28:59 0.8682 0.8657-0.8707 

2,2",3,3 ',5,5'-HxCB 133 "C,,.2,3',4,4',5,5'-HxCB""' 167L 28:59 0.8682 0.8657-0.87<!_! 
2,2".3,3 ',4,6'-HxCB 132 "C,,-2,3' 4,4',5,5'-HxC~' 167L 29:32 0.8847 0.8622-0.6872 
2,3,3',5,5',6-HxCB 165 "C,,-2,3',4,4',5,5'-HxCB~' 167L 29:21 0.8792 0 8767-0.8817 

" C,,-2,2',3.4',5,6.6'-HpCB' 188L '"C.,-2' ,3,3' ,4,4',5,5'-HpCB' '·'I 189L 29:22 0.9511 0.7327-0 7411 
2,2',3,4',5,6,6"·HpCB 188 13C1,-2,2',3,4',5,6,6'·HpCB' [ 188L 29:22 1.0000 0.9989· 1.0023 

-------- -----------
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M ethod 1668. Revision A 

IUPAC Retention time and IUPAC 
Labeled or native CB' number' quantJtatlon references number RT RRT RRT QC limits' 

2,2',3,4',5,5'-HxCB 146 . "C ,-2.3' ,4,4', 5,5' -HxCB' ·' 167L 29:24 0.8807 0.8782-0.8832 
" C-z-2,3,3',4.4'-PeCB' 105L 100 ,,-2,2 ',4,5,5'-PeCB' 101L 29:30 12198 1.2130-1 .2267 

2,3,3',4,4'-Pee8''0 105 10C.,-2,3 ,3',4.4'-PeCB' 105L 29:30 1.0000 0.9989-1 .0023 
2,3 ,3',4,5' ,6-HxCB 161 ' "C,,-2,3',4,4 ',5 5'-HxCB._. 167L 29:32 0.8647 0.6822-0.6872 

2.2',4,4' 5.5'-HxCB' 153 ' "C..-2,3'.4.4 ',5 5'-HxCB"" 167L 29:48 0.8927 0.8902.0.8952 
2,2',3,4,4',6,6'-HpCB 164 ' "C,r2',3,3',4,4',5 ,5'-HpCB" • 189L 29:49 0.7482 0.7440-o.7524 

3,3',4,5 5'-PeCB 127 ' 'c,,-2,3',4,4',5-PeCB"-" 118L 29:57 1.0671 1.0641-1.0701 
2,3',4,4',5',6-HxCB 168 "C,r2.3',4,4',5,5'-HxCB~5 167L 29:59 0.8982 0.8957.0.9008 
2,2',3,4,5,5 '-HxCB 141 "C,,-2,3',4,4',5,5'-HxCB" 167L 30:31 0.9141 0.91 16-o.9166 

2,2',3,3',5,6,6'-HpCB 179 t3(;tr2' ,3,3' ,4,4' ,5,5'~HpCB4·s.g 189L 30:33 0.7666 0.7824-0.7708 
2,2',3,4,4',5-HJ<CB 137 " C..-2,3',4,4',5,5'-HxCB•• 167L 30:51 0.9241 0.9216-o.9266, 
2,2',3,3',4,5'-HxCB 130 "C~r2.3',4,4',5,5'-HxCB'9 167L 30:57 0.9271 0.9246-o.9296i 

2,2',3,3',4,6 ,6 '-HpCB 176 "<:. ,-2' ,3,3' ,4,4 ',5,5' -Hpcs• •• 189L 31:01 0.7783 0.7742-0.78251 
"c,..-2.2',3 4,4',5'-HxCB' 138L "c,.-2,2' 3 4,4 ',5'-HxCB' 138L 31:20 1.0000 0 9973-1 0027i 

2,2',3,4,4',5'-HxCB' 138 1~.,,.--2,3',.,4',5,5'-HxCBH 167L 31:20 0.9386 0.9361 -0 9411 
2,3 ,3',4',5',6-HxCB 164 " C.,-2,3',4,4',5,5'-HxCB'' 167L 31:22 0.9396 0.9371 -0 9421 
2,3 ,3',4',5,6-HxCB 163 ''e.,-2,3',4,4'.5,5'-Hxca•• 167L 31 •28 0.9426 0.9401-0.9451! 
2,3,3',4,5,6-HxCB 160 '"C.2-2,3',4,4',5,5'-HxCB50 167L 31 33 0.9451 0.9426-0.9476 
2,3,3',4,4',&-HxCB 158 ''e,-2 ,3' ,4,4',5,5'-Hxca•·• 167L 31 '35 0.9461 0.9436-0.9486 

2,2',3,4,5,6,6'-HpCB 186 '"C,-2' ,3,3', 4, 4' ,5,5'-HpCB'·M 189L 31:36 0.7930 0. 7868-0.7972 
2,2',3,3',4,5-HxCB 129 ''c1r 2.3',4,4',5,5'-Hxca'·' 167L 31:48 0.9526 0.9501-0.9551 

''c , -3 3',4,4',5-PeCB'-' 126L " C.,-2,2 ',4,5,5'-PeCB' 101L 31:49 1.3156 1.3088-1.3225, 
3,3',4,4',5-Peea''0 126 '"C,,-3 3',4,4' 5-PeCS" 126L 31:49 1.0000 0.9990-1 .0021 

2,3 ,4,4',5 ,6-HxCB 166 '"C,,-2,3',4,4 ',5 5'-HxCB ... 167L 32:13 0.9651 0.9626-o.9675 
''c,,-2.2',3,3'.5 ,5 ',6-HpCB' 178L ' 'c,,-2.2',3,3',5 ,5',6-HpCB' 178L 32:14 1.0000 0.9914-1.0026 

2,2',3,3',5,5',6-HpCB 178 ''c1r 2',3 3',4,4',5 ,5'-HpC·B'·M 189L 32:14 08089 0.8068-o.8110 
2,2',3,3',4,5',6-HpCB 175 ''c,,-2',3,3' 4,4' 5 ,5'-HpCB'·•• 189L 32:33 0.8168 0.8147-0.8189 

2,3,3',4,5,5'-HxCB 159 13C1,-2,3',4,4 ',5,5'-HxCB'0 167L 32:43 0.9800 0.9775-0.9825 
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Method 1668, Revision A 

IUPAC Retention time and IUPAC 
Labeled or native CB' number' quantitation ,..,.rences number RT RRT RRTQC limHs' 

2,2',3,4',5,5',6-HpCB' 187 ''C.,-2'.3,3',4,4 ',5,5'-HpCe-·5·' 189L 32:46 0.8223 0.8202·0.8243 
2,2',3,4.4',5,6'-HpCB 182 nc t2-2' .3.3' ,4, 4' .5,5'-Hpefr1·U 189L 32:47 0.8227 0.8206-0 8248 

2 2',3,3',4,4'-HxCB' 128 •Jcrr 2,3',4 ,4',5,5'·Hxcae·' 167L 32:52 0.9845 0. 9820-0 9870 
2.3,3 ' ,4'.5,5'-HxCB 162 ' 'C.:-2,3',4,'1',5 5'-Hxca>-' 167L 33:00 0.9885 0.9860-0.9910 

2.2',3,4 4',5',&-HpCB 183 ''c,.-2',3,3',4,4',5,5'-HpCB""" 189L 33:06 0.8306 0.8285-0.8327 
' 'C,,-2,3' ,4,4',5,5'-HxCB., 167L ' 'C.,. 2,2' ,3,4 ,4' ,5'·HxCB1 138L 33:23 1.0654 1.0628-1.0681 

2,3',4,4',5,5'·HxCB10 157 15C1.-2,3',4,4',5,5'·HxCB~9 157L 33:23 1.0000 0.9990.1 .0020 
2,2',3,4,5 ,5',&-HpCB 185 1"C.,..2',3,3' ,4,4',5 ,5' ·HpCB' ~• 189L 33:43 0.8461 0.8440.0.8482 
2,2'.3,3',4,5,6'-HpCB 174 ''c,r 2' ,3 ,3',4,4',5 .5'·HpCB' 1• 189L 34:07 0.8561 0.8540..0.8562 
2 2',3 ,4,4',5 ,&-HpCB 181 ' 'c,r 2',3,3',4,4 ',5 5'-HpCB" •• 189L 34:11 0.8578 0.8557-0.8599 
2,2',3 ,3 ',4',5,6-HpCB 177 ' 'c 1,-2' ,3,3', 4 ,4 ' ,5,5' · HpCB" •• 189L 34:22 0.8624 0.8603-0.8845 
2,2'3 ,3 ',4,4',6-HpCB 171 ' 'c.,·2',3,3',4,4 ',5,5'· HpCB'·59 189L 34:40 0.8699 0.8678·0.8720 

' 'c ..-2,3,3',4,4',5 ·HxCB' 156L ~>c. r2 .2' ,3, 4 ,4' ,5' -HxCB' 138L 34:40 1.1084 1.1037-1.1090 
2,3,3',4.4',5-Hxca•• 156 ' 'C, -2,3 ,3',4,4',5 ·HxCB' 156L 34:40 1.0000 0.9990-1 .0019 

"c,-2 2',3,3',5,5',6,6'-0 cCB' 202L ' 'C,,.a a.PCB-194' 194L 34:56 0.8265 0.8245-0.8285 
2,2',3 ,3',5,5',6 ,6'-0cC8 202 ' 'c,-2,2'.3,3'.5 ,5',6 ,6'·0cCe- 202L 34:56 1.0000 0.999().1 .0019 

''c,·2,3,3',4,4'.5'·HxCB' 157L ' 'C,, -2.2',3,4 ,4',5'·HxCB' 138L 34:57 1.1154 1.1128-1.1181 
2,3,3',4,4',5'-HxCB1c: 157 ' 'C.,·2,3.3',4,4',5'·HxCB' 157L 34:57 1.0000 0.9990.1.0019 
2,2',3,3',4,5,6-HpCB 173 1'C1,-2' ,3,3' ,4 ,4' ,5,5'-HpCB'·'' 189L 35:04 08800 0.877~0.8821 

2,2',3 3',4,5',6 ,6'-0cCB 201 ''C,,.CIS· PCB-1945 194L 35:25 0.8379 0.8360..0.8399 
2,2' 3,4,4 ',5,6,6'-0cCB 204 ''C . ..CIB-PCB-1945 194L 35:36 0.8423 0.8403-0.8442 

2,2',3 ,3',4,5 ,5 '-HpCB 172 ''C,,-2' ,3,3' ,4,4' ,5,5 '·HpCB' 5 189L 35:41 0.8954 0.8934-0.8975 
2,3 ,3',4,5.5',6-HpCB 192 ' 'c.r2' ,3,3' ,4 ,4' ,5,5'·HpCB' • • 189L 35:51 0.8996 0.8975-0 9017 

2,2',3,3',4,4',6.6 '-0cCB 197 ''c .,-CIB-PCB-1 945 194l 35:55 0.8498 0.8478-0.8517 
2,2',3,4,4',5,5'·HpCB' 180 ' 'C,·2',3,3',4,4',5,5'· HPCe-·5·' 189L 36:07 0.9063 0.9042·0.9084 
2,3,3',4',5,5',6-HpCB 193 ''C,..-2' ,3,3',4,4',5, 5'-HpC~·e.tt 189l 36:20 0.9118 0.9097-0.9138 
2,3,3',4.4',5'.6-HpCB 191 1'C1,· 2' .3.3 ', 4 ,4' ,5,5'-HpCB'-'~ 189L 36:34 0.9176 0.9155-0.9197 

2 2',3,3',4,5 ,6 ,6'-0cCB 200 ' 'c,,-CIB-PCB-194' 194LI 36:49 0 .8711 0.8691-0.8730 
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Method /668. Re,•is1011 A 

IUPAC Retention time and IUPAC 
Labeled or native CB' number' quonlllation references number RT RRT RRT QC limits' 

"'C,.,-3,3',4,4',5,5'-HxCB~• 169l "C,-2,2' ,3,4 ,4' ,5'-HxCB' 138L 37:19 1.1910 1.1883-1 .1938 
3,3',4,4',5,5'-HxCB•·o 169 '' C,,-3,3',4,4',5 5'-HxCB._. 169L 37:19 1.0000 0.9991-1 .0018 
2.2',3,3',4,4',>HpCB0 170 "C.,-2',3,3',4,4'.5,5'-HpCB>W 189L 37:44 0.9469 0.9448-0.9490 
2,3,3',4,4',5,8-HpCB 190 ·~.2-2',3,3',.,4',5,5'-HpC64,.SJII 189L 37:56 0.9519 0.9498-0.95<10 

2,2',3,3',4,5,5',8-0cCB 198 "C,,.CIS-PCB-1945 194L 38:34 0.9125 0.910>0.9144 
I 2,2',3.3',4,5,5',6'-0d:B 199 "C,...CI8·PCB-194' 194L 38:43 0.9160 0.9140-0.9180 

2,2',3,3',4,4',5,6'-0cCB 196 11C.,.C18-PCB·1945 194L 39:05 0.9247 0.9227-0.9267 
2,2'.3,4,4',5.5',6-0cCB 203 1'C.,.C18-PCB-1945 194L 39:05 0.9247 0.9227-0.9267 

' 0C,,-2',3,3'.4,4',5,5'·HpCB'· .. 189L 13C,·2,2',3,3',5,5',6-HpCB1 178L 39:51 1.2363 1.2311· 1.2415 
2,3,3',4,4',5,5'-HpCB 10 189 ''<: 12-2' ,3,3',4,4',5,5'-HpCB' 5·• 189L 39:51 1.0000 0.9992-1 .0017 

2,2',3,3',4,4',5,6-0cCB' 195 ''C1,-CI8-PCB-1945 194L 40:45 0.9641 0.9621-0.9661• 
"C . .-2.2',3,3',4,5,5',6,6'-NoCB' 208L ' 'C,,..CIQ.PCB-206' 5 206L 41 :03 0.9149 0 9131-0.91681 

2.2',3,3'.4.5,5',6,6'-NoCB 206 ·'C,-2,2',3,3' 4,5,5' 6,6'-NoCB' 208L 41;03 1.0000 0.9992·1 .0016; 
2,2',3,3',4,4',5,6,6'-NoCB 207 ' 'C,.-09-PCB-206" 206L 41:32 0.9257 0 9238-0 9276 

''C,-2,2',3,3'.4,4',5,5'-0cCB 194L ''C,,..2,2',3.3',5,5',6-HpCB' 178L 42:16 1.3113 1.3061-1 31641 
2.2',3,3',4.4',5,5'-0cCB 194 ' '<:1,-08-PCB-1945 194L 42:16 1.0000 0.9992·1.0016; 

"C.,..2,3,3',4,4',5,5',6-0cCB' 205L ' 'C,,.OB-PCB-1945 194L 42:44 1.0110 1.0091·1.0130' 
2,3,3',4,4',5,5',6-0cCB 205 ''C12-2,3,3',4,4',5,5',6-0cCB' 205L 42:44 1.0000 0.9992-1.0016 

''C,-2,2',3,3',4,4',5,5',6-NoCB"" 206l "C.,-2,2',3,3',5,5',6-HpCB' 178L 44:52 1.3919 1.3868·1.3971 
2,2'.3,3',4,4',5,5',8-NoCB" 206 1'C,,-CI9·PCB-206"·' 206L 44:52 1.0000 0.9993-1 .0015 

' 'C,,-2.2',3,3',4,4',5,5' 6,6'-DeCB"" 209L ''<:,,..2,2',3,3',5,5',8-HpCB' 178L 46:55 1.4555 1.4504-1 .4607 
2,2',3,3',4,4',5,5',6,6'-DeCB" 209 ' 'C,.·CI10-PCB-209"' 209L 46:55 1.0000 0.9993-1 .0014, 

1. Abbreviations for chlorinauon levels 
MoCB = monochlorobiphenyl 
DiCB = dichlorobophenyl 
TrCB = trichlorob•pheny I 
TeCB = tetrachlorbipheny I 
PeCB = pentachlorobiphenyl 
HxCB = hexachlorobiphenyl 
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Me1hod 1668. Revi.vion A 

HpCB = beptachlorobiphenyl 
OcCB = octachlorobiphenyl 
NoCB = nonachlorob•phenyl 
DeCB E decachlorobiphenyl 

2 Suffix • L • indicates labeled compound. 
3 For native CBs determined by i!IOtope dilution qunntitauon, RRT QC limns \\"Ore constructed usmg -2 to ~4 seconds around the the retention 

urne for the labeled analog. Por natlve CBs determined by internal S1311dard quanutauon, RRT QC limits v.erc constructed using a =2 
percent "indow around the retention time for rc:tent1on ames in the range of0.8-J 2 and a ±4 percent "indow around the reuntion time for 
retention times <U.S and >1.2 These windows may not be adequate for analyte Identification (See the note in Section 16.4) 

4. Labeled level of chlorination (LOCJ v.indow-defming congener 
5. Labeled le•el of chlorination (LOC) quantitation congener 
6. National Oceanic and Atmospheric Administrlllion (NOAA) congener of interest 
7. lnstrwnent mtemal standard 
8. Clean-up standard 
9. Labeled internal standard for World Health 0rgan~.Ution (\\'110) tOXIC congener 
I 0 WHO tOXIC congener 
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Method 16M. RevtSIIJII A 

Table A-2 Scan descriptor~, levels of chlorination, m/z infonnarion, and subSl811ces monitored hy 
1-IRGCIHRMS 

Function and chlorine level rnlz rn/z type m/z fonnula Substance 

Fll-1 188.0393 M '1C.2 1-fv "'CI Cl-1 PCB 

Cl-1 190.0363 M+2 ''C,. H. " CI CI-1P CB 

200.0795 M " C,2 1-fv '"CI '"C,2 Cl-1 PCB 

202.0766 M+2 "C H, " CI , '"C., Cl-1 PCB 

218.9856 lock C, F0 PFK 

Fn-2 222.0003 M " C, H, "CI2 Cl-2 PCB 

Cl-2.3 223.9974 M+2 ''C., H. "'CI " Cl Cl-2 PCB 

225.9944 M+4 •>c,, H. "0. Cl-2 PCB 

234.0406 M '"C,. H, "'C~ '"C, Cl-2 PCB 

236.0376 M+2 "C, H• "'CI " Cl '"C,, Cl-2 PCB 

242.9856 lock C., F. PFK 

255.9613 M "C, H, 35CI3 CI-3PCB 

257.9584 M+2 ''C,, H, ""CL, 31CI CI-3PCB 

Fll-3 255.9613 M ''C., H, ""CI, Cl-3 PCB 

Cl-3,4 .5 2579584 M+2 ' 'C., H, "'C~ 37CI Cl-3 PCB 

259.9554 M+4 ''C,, H, 36CI 31CI, Cl-3 PCB 

268.0016 M "C, H, " CI3 
13C, 2 Cl-3 PCB 

269.9986 M+2 11C12 H7 " CI, 31CI "C12 Cl-3 PCB 

280.9825 lock C. F., PFK 

289.9224 M "C, H, "'CI, CI-4PCB 

291 .9194 M+2 ''C,, 1-fv " CI, vel Cl-4 PCB 

293.9165 M+4 ''C, H0 "'CI, " CI, Cl-4 PCB 

301.9626 M ''C., H6 '"CI, "C, Cl-4 PCB 

303.9597 M+2 ''C, H, '°CI3 
31CI "C, Cl-4 PCB 

323.8834 M "C, H, 35CI6 Cl-5 PCB 
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Method 1668. Rcvi.vion A 

Function and chlorine level mlz mlztype mlz fonnula Substance 

325.8804 M+2 "C., 1'\ "'Cl, " Cl CI..SPCB 

327.8n5 M+4 '>c,2 H, ""CI, " CI2 CI-5 PCB 

337.9207 M+2 "C., 1'\ 35CI, 31CI ' 3C,2 Cl-5 PCB 

339.9178 M+4 "C,2 H5 
35CI, "Cl, "C,, CI..S PCB 

Fn-4 289.9224 M "C,, H, OOCI, CI-4PCB 

Cl-4.5 .8 291.9194 M+2 '>c., H, "'Cl, " CI Cl-4 PCB 

293.9165 M+4 •>c,, H, ""Ct, " CI, Cl-4 PCB 

301.9626 M+2 "C, H, 35CI, "CI ''C,2 Cl-4 PCB 

303.9597 M+4 " C, H, 35CI2 
37 CL, "C12 Cl-4 PCB 

323.8834 M •>c., H., "'Ct. CI-5PCB 

325.8804 M+2 '>c., H. "'Cl, " CI Cl-5 PCB 

327.ens M+4 " C,, H; "CI, " CI, CI..SPCB 

330.9792 lock C7 F15 PFK 

337.9207 M+2 nC11 H5 
3~CI._ 37CI "C12 CI..S PCB 

339.9178 M+4 ''C,2 H, "'Ct, " Ct, " C., Ct..s PCB 

359.8415 M+2 " C., H, ""q, " CI CI-6PCB 

361.8385 M+4 ''C., H, "'CI, " CI, CI-6PCB 

363.8356 M+6 " C., H, 35CI, 31CI, Cl-6 PCB 

371.8817 M+2 "C, H, "'CI5 
31CI "C12 Cl-6 PCB 

373.8788 M+4 ''C,2 H, "Ct, " Ct, ''C, Cl-6 PCB 

FO..S 323.8834 M '>c., H; >I'Ci, CI..S PCB 

Cl-5,6,7,8 325.8804 M+2 "C, 1'\ 36CI, " CI Cl-5 PCB 

327.8n5 M+4 ,.,C,l Hs ascl3 37CI, Cl-5 PCB 

337.9207 M+2 "C., 1'\ "'CI, 31 Cl ''C,2 CI..S PCB 

339.9178 M+4 ''C,, H; "CI, " Ct, ''C., CI..S PCB 

354.9792 lock C.F,. PFK 

359.8415 M+2 "C., H, "'CI5 
37CI Cl-6 PCB 

361.8385 M+4 "C, H, 35CI, "'C I, Cl-6 PCB 
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Function and chtortne level mlz mlztype mlz formula Substance 

363.6356 M+6 "c,. H, "'Ct, "cr, CI-8PCB 

371.8817 M+2 " C,
2 

H, "'Ct, ,, Cl "C., Ct-8 PCB 

373.8788 M+4 "C, H. "'Ct, "Ct, "C,2 Ct-8 PCB 

393.8025 M+2 " C,2 H3 
35C~ 37CI Cl-7 PCB 

395.7995 M+4 "'C H ""CL "C~ 1:Z 3 ;) Cl-7 PCB 

3977966 M+6 "C, H3 "'CI, 37CI3 CI-7PCB 

405.8428 M+2 " C,2 H, '"C~ 37 Cl ''C, Ct-7 PCB 

407 8398 M+4 "C,2 H, ""Ct, "C~ "C, Cl-7 PCB 

427.7635 M+2 "C,2 H, "'Ct, 37CI Cl-8 PCB 

429.7606 M+4 "C,, H, 7"Cfe "'C~ Cl-8 PCB 

431.7576 M+6 "C, H, "'Ct. " Ct3 CI-8PCB 

439.8038 M+2 "C,2 H, 35Ct, 31CI "C., Ct-8 PCB 

441 .8008 M+4 "C, H2 
35CI8 "C~ "C., Ct-8 PCB 

454.9728 ac C1, Fn PFK 

Fn-8 427.7635 M+2 "C,, H, 35Ct, " Ct Cl-8 PCB 

Cl-8.9.10 4297806 M+4 12C12 H2 "'Ct. "Ct, Ci-8PCB 

431.7576 M+6 ''C,, H, ""CI, ''CL, Cl-8 PCB 

439.8038 M+2 "C,2 H, ""Ct, 37CI ''C., Cl-8 PCB 

441.8008 M+4 "C, H, ""C',. 37CI2 ''C,, Cl-8 PCB 

442.9728 oc C,0 F,3 PFK 

454.9728 lock C,F,. PFK 

461.7246 M+2 "C, H, " Ct, 37 Cl Cl-9 PCB 

483.7216 M+4 '
2C12 H, " Ct, " CI, CI-9PCB 

465.7187 M+6 "C, H, "'Ct. 31 Cl3 CI-9PCB 

473.7648 M+2 ''C12 H, "'Ct. 37CI "C12 Ct-9 PCB 

475.7619 M+4 ''C, H, ""Ct, 37CI, "C, Cl-9 PCB 

4956656 M+2 "C, H. "'Cr., " CI Cl-10 PCB 

499.6797 M+4 ''C "'CC J7CL, 
" 7 

Cl-10 PCB 
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Function and chlorine level mlz m/ztype m/zfonnula Substance 

501.6767 M+6 12Cil 3sCI$ 37CI4 Cl-10 PCB 

507.7258 M+2 " C,2 H}'CI9 
37CI ' 3C,2 Cl-1 0 PCB 

509.7229 M+4 ,JC,2 H,. 3::-Cia 37CI2 13C12 Cl-1 0 PCB 

511.7199 M+6 ·•'C,2 H, "'CI• 37CI, 13C12 Cl-1 0 PCB 

1. Isotopic masses used for accurate mass calculation 
'H 1.0078 
' 2C 12.0000 
'·'C 13.0034 
" CI 34.9689 
37CI 36.9659 
' 9F 18.9984 
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